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Pine block serves as bearing for this 
undershot mill wheel powering a gen- 
erator for electricity at a blacksmith 
shop in the Italian Tyrol. Constant flow 
of water from pipe provides lubrication 


<l ; 
S Ye, ~eee 


5 : : Ls 
> .., ele ee 

, 84 eae te Looe * ona : ; 

Os Le ae ES Dtae 





Is pillow block inefficiency 
costing your plant money ? 






The need for relubrication of pillow blocks is more than costly 
today! It’s passé. For New Departure’s new pillow block line is 
built around the performance-proved Type AE adapter ball 
bearing with Sentri-Seals. Dirt, moisture and wear are sealed 
out . .. grease is sealed in — for life! Send for details about 


New Departure pillow blocks. Ask today for Catalog PBC-A. 
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DIVESILON CGF GENERALS MOTORS, BRISTOL, CONN. 


NOTHING ROLLS L/KE A BALL 


These bearings are quickly and 
easily applied to shafting without 
special tools. They are positively 
ocked in position with eccentric 


cam locking collar and set screw 
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Combine your motor and speed reducer in one unit 


Save space . .. eliminate cumbersome belts, chains, gears 
Reduce design and installation time 


with BODINE 
SPEED REDUCER MOTORS 


Bodine manufactures the world’s most complete line of speed reducer motors 
in the sub-fractional horsepower range. Speeds down to 0.6 rpm. Torques 
up to 350 in. Ibs. Here's part of the Bodine Speed Reducer Motor line: 





single or double reduction reducer for trans- 
mitting low torques over a wide range of speeds 
The worm is of long wearing nitralloy steel (ex- 
cept for low-powered V-10R and NSP-11R); 
the geor of laminated bakelite, giving quietness 
and durability. Motor shaft equipped with ball 
or sleeve bearings. Speeds from 833 to 1.5 rpm 
Torques 12.8 in. oz. to & in. Ibs 





single reduction, right angle worm gear re- 
ducer designed for transmitting moderate torques 
Separable hardened and ground steel worm 
driven by keyway on end. Laminated bakelite 
gear on steel hub gives maximum wear and quiet 
ness. Speeds from 500 to 29 rpm. Torques 4.5 
to 21 in. Ibs 





sturdy, single reduction, right angle worm 
gear reducer, capable of transmitting substantial 
torques. It has a separable hardened and ground 
steel worm. Gears of laminated bakelite or hard 
gear bronze, depending on torque delivered 
Grease is used with all bakelite gears; oil with 
bronze gears. Speeds from 500 to 29 rpm 
Torques 11 to 73 in. Ibs 





BODINE 


fractional Ps ialiener 


MOTORS 


Nw 


BODINE ELECTRIC CO., 2256 W. OHIO ST., CHICAGO 12 
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double-worm-geoar speed reducer to deliver 
moderate torques at low speeds. Both primary 
and secondary worms are of nitralloy steel. Lami 
nated bakelite primary gear assures long wear 
and quietness; the hard bronze secondary gear 
carries substantial torque loads. Speeds from 83 
to 1.6 rpm. Torques 13 to 52 in. ibs 


“ee 


double worm gear reducer for transmitting 
high torques at low speeds. Worms accurately 
ground from hardened steel; bakelite primary 





gecor assures quietness; hard bronze secondary 
gear provides long life. Speeds from 24 to 5.7 
rpm. Torques 88 to 219 in. Ibs 





heavy duty reducer for driving heavy loads 
continuously with an ample reserve for overloads 


Separable steel worms are hardened and ground 
to size. Gear bronze, selected for strength, is cut 
by special hobs to close tolerances. Speeds from 
173 to 36 rpm. Torques 50 to 198 in. Ibs 


Write tor technical bulletin 1022B. Twelve pages of facts and figures 

33 photos, drawings, curves, and tables tell the complete story of 
Bodine Worm Gear Speed Reducer Motors. For details of smaller 
Bodine spur-gear speed reducer motors, ask for bulletin 1023 


gOINe -.-the power behind the leading products 
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...- 2nd of series 


How to make 
motors last 
longer 


Fractional horsepower 
electric motors, given 
proper maintenance, will 
operate without trouble 
for long periods of time 
Here are a few mainte 
nance suggestions: 





Check internal switches 
While internal switches 
usually give little trouble, 
regular attention will 
make them last even 
longer. Use fine sandpaper 
to clean contacts. Be sure 
sliding member on shaft 
moves freely. Check for 


loose screws 
















Watch alignment. A motor 
shaft which is out of line 
with its load will cause 
the shaft and bearing to 
wear rapidly, sometimes 
damaging the driven ma- 
chine. 










Provide adequate wiring 
Be sure that wire of prop- 
er size is used to feed elec- 
trical power to your 
motor. If necessary re 
place wire. It will prevent 
overheating, reduce your 

































electric power cost, and 
in many instances prevent 
future breakdown 





Provide adequate lubrica- 
tion. Remember, a motor 
running three times as 
much as usual will need 
three times as much at- 
tention to lubrication. 
Provide enough oil, but 
don’t drown your motor 
See manufacturer’s rec- 
ommendations 

Watch future Bodine 
ads for more maintenance 
tips. 


Free chart tells 
how to locate 





motor troubles 





“Common Motor Trou- 
bles and Their Causes”’ is 
the title of a 1-page bulle- 
tin and chart which will 
help you diagnose ail- 
ments of small motors. It 
lists troubles and proba- 
ble causes. Copies are 
available on request 
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General Electric Semiconductor News 


Silicon Unijunction Transistor 


SPECIFICATIONS OF THE SIX 
SILICON UNIJUNCTION TYPES 


Absolute maximum ratings (25 C) 


~ 


350 mw 
50 ma 
2 amps 


60 volts 


65°C to 150 C 


Major electrical characteristics (nominal 
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CUT-OFF MEGATIVE RESISTANCE PT ML! 


REGION REGION 


Photo shows top view of G-E silicon high-voltage 
transistor, with cap removed. 1. Gold emitter 
ribbon. 2. Aluminum base-lead ribbon. 3. Gold- 
5. Base region 
Canti 


lever design for shock resistance. Silicon bar is 


silicon alloy. 4. Collector tab 
6. NPN diffused meltback silicon bar 
alloyed firmly to tab; ribbons are flexible to 


minimuze constraints 


Components removed 
from basic circuit 
D, R2, RS, R6 
D, R4, R6 
R2, R4 
R4 
C, D, R4, RS, R6 
D, R2, R4, RS, R6 
R2, R3, R4 
D, R1, R2, R4, RS, R6 
R2, R4, RS, R6 
D, R2, RS, R6 
D, R1, R2, R4, RS, R6 
D, R2, R4, RS, R6 
D, R1, R2, RS, R6 


Circuit function 


BASIC UNIJUNCTION TRANSISTOR CIRCUIT 


Unijunction transistor takes advantage of 
negative resistance to spark circuit savings 


The new unijunction transistor | 
Briefly. the current rises w 


certain ik. past whi 


t 
tance 


voing down 


“Howl! 


To put the un work for vou. vou ll want 


ipplication data with sam ts. Please write for 
type of semicond 
commercial - 


t-elf to reach 


Ws ipply industry-accepted high- 
types 2N332, 2N333 and 2N335 


200 C for more than !50 hours. and takes a drop test considered more rugged than 


General Electric can no your needs for popular 


voltage silicon transistors Every unit is aged at 


the standard military 500 G shock te st. That’s whv vou can depend on ratings and 


performance characteristics shown R ited at 45 volts (¢ olle« tor to Da-€ these tran 


sistors are designed for amplifier use. both audio and RF. and general purpose 


(mong its many features are low output capacity high cutoff frequency 


available from vour Semiconductor Sales repre- 


switching 
and low leakage. Full specs are 


sentative or trom the tactory 


SPECIFICATIONS, Types 2N332, 2N333, 2N335 


Absolute maximum ratings 
empe 200°C 
. 55°C to 175°C 


45 volts 
1 volt 


25 ma 
150 mw 


100 mw 
50 mw 
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Transistor Reliability 


enhanced by spotless factory, stringent controls 


These 
eliability 
S500.000 


ove! 


fail or pert 


Military =pe 


t dW te 100 < i | 


which transistors are inspected prior to encapsulation | efile 


G-E Silicon Stud-mounted Rectifiers 


If you're lookis lor greater current at higher ten 
RATINGS AND SPECIFICATIONS 
ye : . = 


0.4 0.3 03 03 ma 
100 100 100 100 kc 
170 170 170 170°C max 
65 65 65 65°C min 
175 175 175 175°C mox 
65 65 65 65°C min 





Need a few semiconductors in a hurry? 
Check your local G-E distributor 


t del 


This famous YOUR G-E 

Sh nae fn ais eutinnadl SEMICONDUCTOR 
7 q SALES 

a acts— basic REPRESENTATIVE 


Quick-reference transistor manual 


theory, parameter symbols, speci 
G-E transistor types, circuit dia 


f 


pplication registered types o all 


miconduc 
—_—_— ———.2000°_°0” O——E-__—_—— ee eee 
anufacturer and other data frequently 
i ants no 


Close 


>» distributo or enc 
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Control Your Classification 
Case Histories 
Systems & Servos 

Components, Electrical / Electronic 
Magnetic Components 


Switching Reactors Combine 
Control Logic and Power Switching 


Standardized switching reactors for static control of industrial 
equipment operate contactors and solenoids directly in response 
to pushbutton and limit-switch signals without additional am 
plifiers or specialized power supplies. Case histories: index 
table unloading station; reverse current detector; relay-closure 
counter; annunciator control; die-casting machine; punch 
press drive 


Edear V. Weir. Control, a division of Magnetics, Inc.. Butler, 
Pa 


Electrical Manufacturing 1958 March p 82 6 pp 


Drives Your Classification 
Electrical 

Control 
Case Histories 


Development of Drives for 
Wire Drawing Machines 


The development of motor controls for wire drawing machines 
is traced from individually motorized and controlled blocks to 
multiple-generator, integrated control of continuous operation 
An up-to-date system with modular construction of the control 
system is described 


M. A. Nye, Vaughn Machinery Co., Cuyahoga Falls, Ohio, and 
R. C. Suttle. Reliance Electric and Engineering Co.. Cleve 
land, Ohio 


Electrical Manufacturing 1958 March p 93 pp 


Components, Electrical Electronic Your Classification 
Wiring Devices 


Glass-to-Metal Seals 


Developments in glass-to-metal seals in headers for sealed 
lectrical and electronic components. Application data for 
ivailable designs in compression and matched seals. Discussion 


characteristics and performance capabilities and limitations 


I L. Constantin & Co., Lodi, N. J 


if 
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Materials, Electrical Electronic 
Electrical Insulation and Dielectrics 
Testing 
Materials 


Your Classification 


Thermal Evaluation of Electrical 
Insulation as a Design Tool 


Major procedures for evaluating thermal stability of electrical 
insulating materials to meet design requirements are discussed 
in terms of materials tests, systems tests and equipment tests 
Development of standard test procedures is traced; significance 
of various functional tests is analyzed. Typical test procedures 
are described for various classes of insulating materials 


J. F. Dexter, Dow Corning Corp., Midland, Mich 
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Basic Science and Engineering 


é Your Classification 
Mathematics 


Slide Rule Mathematics — |! 


\ definitive, practical treatment of the theory and use of the 
engineer s prime computing instrument, the rule In 
cludes well-illustrated instructions for the use of all 


val slide rule scales and the circular rule 


Ira Ritow. Re public Aviation ( orp.. Mineola. N.Y 
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Components, Electrical Electronic Your Classification 
Electron Tubes 


Effects of Gas Filling on 
Rectifiers and Thyratrons 


The three principle types of filling (inert ga+, mercury vapor, 
or combination) are described. A ready-reference table con 
trasts the advantages and disadvantages of each type with 
respect to the tube characteristics that are affected (voltage 
rating, temperature limits, life, ete.). 


J. S. Kirk and A. M. Wohlert, National Electronics, Ine 
Geneva, Ill 
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® Quick interpretations of feature article content 


® Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Association & Professional Activities 
NEMA 

Motors 
Integral-Hp 


Your Classification 


International Standards for Motor 
Dimensions Set for Final Approval 


} 


s achieved in J.E.C, meeting result in relative inter 
' 


ensional standards 
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roblems encountered vle 0 i 


ween inct 


il proposed 
presented 
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Components, Electrical Electronics 
Capacitors, Storage Devices 
Transducers 

Materials, Electrical Electronic 
Electrical Insulation and Dielectrics 


Your Classification 


Ferroelectrics as Solid-State Devices 


Electrical Manufacturing 1958 March p 130 8 pp 


Materials, Electrical Electronic 


Your Classification 
Conductor Materials 


Transparent Electrically 
Conductive Coating 


ew procedure ior 


er lighiv transparent 
I i it Z ranspal : 


trically conductive coating that may be applied at low ten 
peratures. The process utilizes high-vacuum technics with a 
simultaneous evaporation of tin and indium in an oxygen-rich 
atmosphere. The vaporized metals are deposited on prepared 


materials and heat treated in air. The process is controlled 


ind monitored to give preferred electro-mechanical properties 


E. R. Olson. and E. H. Lougher, Battelle Memorial Institute, 
Columbus. Ohio 


Electrical Manufacturing 1958 March p 143 3 pp 


Subject Classification, circle 736 on page |7 


Design Considerations 
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Electronic Circuit Packaging 
for Missile Applications 
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lest result 
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Case Histories 


MBS Counting Circuit Controls 
Numerically Programmed Index Table 
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ELECTRICAL MANUFACTURING 
5-YEAR ANNOTATED EDITORIAL INDEX 
The 60-page book lists by functional subject classificatior 
with succinct annotations 
‘Design Trends” s} 


FACTURING during 


rlier 
ll types of 

components, ne echniques whict have 
plication in the engineeri design and development 
trically operated product 

Per copy price is $2.00 on orders accompanied by 
(add 3 per cent sales tax for New York City delivery) 
make remittance payable to The Gage Publishing 


1250 Sixth Avenue. New York 20. N.Y 
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FULL 42-INCH PRINTMAKING IN A CONVENIENT 


Table Model 


Now, TABLE MODEL convenience, LOW COST and 
FULL WIDTH are combined in one whiteprinter 
the new Ozalid Streamliner 200! 

Now, anyone can turn out sparkling whiteprints 
in seconds up to 42 inches in width! In the small 
office, the new Streamliner 200 gives you prints 
whenever you need them. For the large firm, it 
handles “rush work”. . 


volume printmaking... stands by when other 


A Division of General Aniline & Film Corporation 
In Canada. Hughes Owens Company, Ltd., Montreal 
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. Saves costly interruptions of 


machines are “down” for service. 

Compact in design, Streamliner 200 stands just 
22” high 38” deep, with feedboard. Prints stack 
automatically. Controls are simple, easy to operate. 
Stand, shown above, is optional. 

Why not test-run your own tracings through the 
Streamliner 200? Call your local Ozalid representa- 
Ozalid, Department K-3, 
City, New York 


tive or write Johnson 
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Improved Automatic 
Counting System 


\ 


Production-Size Furnace for Alloy Re- 
search: Vacuum induction furnace in 
Battele Memorial In-titute metallurgic il 
laboratory Is ot production Capacity 
capable of melting from 10 to 300 Ib of 
metal at one time It will be used a= a 
research tool for improved illoys and 
castings. An effective vacuum down to 
| micron of mereury can be achieved in 
routine operation. Arrangement of vac 
uum controls and electrical controls on 
the operating platform permit) one-m 


operation 


Atomic Energy Influence 
on Equipment Design Research 


For | 


Magnetics, too, have 
High-Temperature Problems 


I 


Silicone Vapor Effect 
On Carbon Brushes 





perature (175 C). Neither cure cycle, 
however, completely eliminates the 
problem, and both have these objec 


tions: increased manufacturing cost 


Research and tendency to shorten insulation 
~- life 
Horizons 


Removal oft silicone vapor from at 
mosphere: No practical means have 
been found as yet for removing sil 
cone vapor from the atmosphere 


This. if it could be achieved, would 
ind J 1) Snvder all of General likely be effective 


Company. Schenectady N.Y 
resel i theory ot wear mechanisn 
1 ' ’ » ' 
inces several methods for solving silicone vapors: Brush grades 


long-standing problem, and pro n vulnerability to the action o 


¥ 
me recommendations one vapor. Some > diverse ti 


Wear mechanism: Silicone mole ' its. however. failed to decrease the Electroluminescent Digital Indicator 


he vapor liberated under heat Susce ptibility ot existing rades. |) Consisting entirely of solid state’ el 


seertarse ik eae bhi fact. most treatments tried caused ments. this indicator, developed by the 


W esting se Rese ries 
sep deliiihsaie aestliaal hin ‘sn vreater brash wear Nestinghouse Research Laboratori i 


essentially a flat. thin sereen with suit 
Phis Application recommendations per ably arranged 


siliceous residue 


phospor-coated electro 


nsulates the rin tron ventilated machines. silicone insulation luminescent strips. When properly ener 


I the contact drop and 


ising nav be used safelv. In totally enclosed gized, seven such strips will form any 
produces rapid brush wea machines. operating conditions provide numeral from zero through 9; 21 -uel 


Evaluation of proposed solutions: Thy the limiting factor. In machines operat strips. therefore, switched in and out 


four solutions l roposed were ey il lated ng at high speed an 1 continuous hea of the cireuit, will display anv combina 
is follows . ; tion from 0 to 999, By means of still 
F load. silicones would be most detrimer ; 
other configurations a screen of 14 s 


ee ee ee soa ‘ tal. Intermittent-duty machines and 


ments can display any letter from A to 
No silicone resin is fre om * slow-speed machines are examples Z and also show the numerals from © to 


where silicones may be used without 4 


effect on brushes. Further develop Transistors are used as the switching 


ment in silicones may result in resins danger. Silicones insulation may alse elements; also the so-called Elpak relay. 
that show decreased wear effect. Sili hye ustihed. the authors conclude. iv actuated by small electroluminescent 
| some lightly loaded or intermittent-duty cells placed face-to-face with photocon 

1 ; ee 
machines that are required to operate ductor cells. Simplicity, compactne-- 


H ruggedness, and low power consumption 
ere 


cone-polyester copolymers have 


ready shown an improvement 


in a high ambient temperature. l a lai ; 

; ° . are 1? advantages claimed over conven- 

2 l se of preferred cure [ 4 high silic one insulation 1s needed for the e . . 

a tional indicators. Applications are seen 
temperature cure (250 CC) greatly, 


op ‘ . > >» hb ch ° ; : : 
high operating temperature, but brush as visual display devices in military air 


prolongs brush life as does a long wear would be low or nominal because craft. industrial process machinery. nu 


cure (100 hr) at a moderate tem of light lead or intermittent service clear inetalletions 


Note 


Dielectric Ceramics with Zero Firing Shrinkage 


lor 4 certal period 


transformed 


2 per cent, and luminosi 


When fabricated ym comn 65 per cent 


ible materials i bisil te an é t 3 ) cent SiO.) is combine 


ind by conventional fabricatin " with clav and pressed int the desire 


ese ceramic bodies exhibit . shape. On firing a lead aluminosilicate 
shrinkage. When fabricated iff rvstal 


pressures, which depend 


phase nucleates and grows fro 


the two raw material components. This 
positions, bodies of ro fir ul erystal phase is of a lower specihe 


ire attained. Such 11 increases in volume); thus. the 


properties an avec firing shrinkage process is count 
resulting in a nonshrinking ceram 
nechanism for nonshrinkage in 


these lead aluminosilicate lies is similar These new cerami bodies are 


i size is dor to that used in the process of making dielectric insulators, in the range otf 


firing operatiot Corning Glass Company’s Pyroceram-type 1-5 by JAN 1-10 specifications. The 
nt in size. It materials, A glass of a high calcium sili factors of grade L-5 are of the order of 
shrinkage t makes it difh cate content is fabricated by glass forn 0.004 to 0.008 tested at 1 megacycle after 


fabricate ceramik art o close ing techniques. Such a glass is heated i 48-hr immersion in distilled water. The 


dimensional tolerances 1 temperature at which it will not slump dielectric constants of these bodies range 


vet devitrifies to pseudo-wollastonite erys from 5.8 to 7.5 and the power tactors 


als after being held at this temperature from 0.0006 to 0.0011. Since such ceramics 
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High-Strength Glass-Epoxy 
Casting Resin Compounds 


Addition of gl 


glass-fiber strands to ¢ poxy 

is responsible for im- 
proved mechanical properties compara- 
Methods 
compounds ind 
testing thet mechanical 1 


properties 


H inne 


casting resins 
ble to those of cast metals 
for preparing such 


were presented by ¢ 
Aircraft 

before 

Manag 

Plastics Li 

Plastics Industry, ¢ 


6. Results of var 


Cast epoxy resins 


Unrein- 


Property forced 


Tensile strength, psi 12,000 


15,000 


18,500 
Impact strength, ft-lb/in. 0.6 


Specific gravity 1.2 


Compressive strength, psi 
Flexural strength, psi 


Linear thermal expansion, / deg 
C x 10- 61.5 


marized in the table 


Glass content was limited to 30 per cent 


ace ompany Ing 


owing to limitations imposed by type of 
resin formulation and fabrication meth- 
od. With a less viscous resin and corre- 
sponding greater glass content, still 


\ il 1e€s should be ob- 


higher 


tainable 


~tre ngth 


Reinforced Plastics 
at 3000 Fahrenheit 


What 


ninates under cor 


happens to reinf 


Cast metals 


Rein- 
forced 


Alum- 
inum 


Magne- 
sium 


50,500 
31,600 ~30,000 
57,100 29,000: 
28.4 10 
1.4 2.5 


42,000 33,000 


~ 20,000 


15,1 





commonty 


( ould he 


} } 
desirable quality of these 


ead aluminosilicate ceramics is that they 


exhibit self-glazing characteristics The 


] { 


gl is of a non-wetting high resistivi 


ype. Such qualities are desirable the 


equipment will be operated in moist con 
ditions. Some of the very damp spots in 
the world such as Panama and Guadal 
inal would require such non-wetting in 


equipment for proper op 
eration. If such ceramics would be desired 


sulation in the 


bushings, the 
elf-glazing could be eliminated. This could 


impregnated 


or precision 
| 
| 


be done by using a very fine lead bisilicate 


} 


as a raw material and by 


firing at a 


temperature slightly higher than normal 


hirings 

e@ The materials that have a high lead 
oxide content might have value in shield- 
ing against electromagnetic radiation such 


as. gamma rays, X-rays and other intense 
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respectivel 
ve advantag 


t t f 
tlects o ne 


tror 


e@ New 


ing shrinkage can be 


ceramic mater 
rut such components 

sockets and other miniature or submini 
Wher fired, 
these components achieve inherent stable 


ature electroni insulation 
characteristics that meet extremely accu 
rate dimensional control requirements. The 
time and expense of ma hining operations 
ire therefore eliminated. 


e@ When such electronic equipment is 
included in rockets and missiles which 
are a “one shot” affair, the man-power 
requirements would be cut to a minimum. 
In nonmilitary equipment the manhours 


saved with such equipment components 


3000 F and exposure to gas velocities 
approximately 2500 ft per for periods 
of 12 sec to 60 sec? Such conditions 
ire encountered in missile and rockets 
A test program was conducted by The 
Baltimore, Md., on 


Martin Company, 
+] 


ie following materials: 


Heat resistant phenolic-glass fabri 


t retalr 


] 
rai 


integrity 
3000 F. for periods 
Asbestos-phenolic ma- 
exhibited a higher strength, 


wer thermal shock resistance 


isbestos-phenolic specimens, 
+r layer of asbestos remains 
even after the complete 


ition of the surface resin 
S provides a protective laver that 
is to slow down the rate of decom 


of the material 


aminates are more 


gh-temperature env! 


a 


tive temperature range for plastics 


new ceramics, however, could meet the re 
under most operating condi- 

reduction of lead oxide-type 

was considered a possible draw- 

ck: however an investigation on similar 
PbO-containing ceramics fired at 1000 deg 
F in hydrogen did not show any noticeable 


on the insulating qualities 


BARLANE P. EICHBAUM 

Research Center 

International Business Machines 
Corporation 


Poughkeepsie, New York 





Photoelastic Techniques cated just as well by the span between 


in Materials Studies two cold temperatures as between two 
elevated temperatures 


Researci § A refmement in phetoctastic: tex os 7 The NYU work is under sponsorship 


calle vhototl welasticity (P Lao 
ill d ph eee lasticity (I of the Air Foree Office of Scientifiy 


om <he ) has been developed at e Ne > > 
Horiz pa ms hort . - pen een th " Rese arch The Research Division team 


o sity College ngil ig 
York University College of Engineerin ba email Tiny Tie. CSiiialies Tannin 
for the purpose of a stresses in 
solids induced by high temperature 


gradients. Until recently photoelasticity 


Tough, High-Strength 
Titanium Alloys 


has been used only for the investigation 

\ other plasth material 7 of mechanical stresses Nuc lear power 
however. have inherently poot plants and supersonic aircraft are Several high-strength allovs in a svs 
characteristics and fte ma] areas where large temperature tem containing titanium. aluminum and 
ecome critical design factors vanadium have been developed in. the 


| t ’ y . “ur ’ ; 
tabric polvester iminat vere ! inusual aspect of the | | | metallurgy program of the NYT Col 


techn the fact that refrigeration le of Engineering Research Division 


t t 


o be unsultabl 
= used to simulate the conditions that Several of these illovs rive evidence of 


i-tempel! ilure ip} - 
: would be encountered under elevated ichieving upon heat treatment a O.) per 
ipplied to 2 
temperatures. This seemingly paradoxi cent vield strength of 170,000) psi 
laminates 

il method is owing to the fact that the better 


polvester resins used il photoelasticity NY I metallur 


studies exhibit objectionable « it iv concentrated o1 
nigel temperatures and are I ‘ num vstems. One resears 
arious other deleterious chang T overcome the brittleness 


the essential condition in- the hibited by allovs with a hig 


studies Is simulate the temperature ontent. This defect defe 
j 
} 


fierential that produces the thermal ening effect that alum 


t 


the mpera contributes 


stress and 1 cessarily 


lifferential car 


Research Note 


Variable Simulated Dither in Electrohydraulic Servos 


A—Primary (command) and secondary 
feedback signals at zero error phase- 
shifted 90 deg 


spool it 


Since tl 


] ' 
servo Valves witho 
B—Phase comparator output to servo nodification: 
valve: symmetrical wave form. signifie- 


vero errot 


Pe ant Pe ved 
: ls | 
: ie | 


‘ ; ! Ait ti l ensity 
als Rides: Raatiatieds 


dither 


(Primary and PRES signals with 
error present phase shift 90 deg 


» Fy LEONARD HESSE, De 
Gisholt Machine Compa 


1) Phase comparator output unbalanced 


in proportion to error signal Vadison 10. i 





“MYLAR” offers a unique 
combination of properties 
valuable for electrical design 


~ a re THERMAL STABILITY 
a: tet eet = ent 
TESTS BY REMINGTON RAND PROVE... 


Du Pont MYLAR provides greater reliability, 
longer life for capacitors used in Univac 


PROBLEM: The Remington Rand Svstems. These tests proved that ca- 
Division of the Sperry Rand Corp pacitors made with ‘‘Mylar” poly- 


a Oe: 


t 
had to find a capacitor of high reli- ester film offered greater reliabilit,s 


se 


ability that could meet the require- and longer life, with an extra margin f UNIVAC Systems then 


ments of extra-sensitive circuits of safety in moisture resistance. The HOW CAN “MYLAR” HELP YOU? 
found in UNIVA¢ Data Automation tests documented the fact that Whether 


Systems “Mylar” provides excellent insula- 
SOLUTION: In a series of accelerated t10n resistance at high temperatures 


tests by Remington Rand, various “Mylar” does not deteriorate 


make guided m 


or til 


u ur’ film or products 
types of capacitors were exposed to with age or voltage str within made with “‘Mylar’’. Send for 


icOpy 


conditions more exacting than those normal operating range 


of our new booklet containing 
found in normal operation of UNIVA( RESULTS: By using capacitors made tailed information on propertie 
with ““Mylar’’, Remington Rand has 


uNIVaAc 


DU PONT Application 
: ey Name__ 
‘MYLAR 
J Address 
POLYESTER FILM 
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MODULAR’ 
mata 


SCANNING 
SWITCH 
=A SCOP 


Maximum flexibility and ease of 
servicing have been achieved in the 
design of this Type AU multi- 
plexer by ASCOP. Building block 
construction enables easy adapta- 
tion of the switch to a wide variety 
of requirements in systems using 
electrical time sharing techniques. 
Switch sections, gear reduction 
modules, and drive units can be 
changed rapidly in the field for 
system alterations and servicing. 
Reduction units can be installed 
between switch sections for vari- 
ous speed combinations. Only min- 
utes are needed for replacing or 
changing any module. Brushes and 
contact surfaces are readily acces- 
sible for inspection. Eac h contact 
plate is externally phaseable with 
respect to shaft position while ir 
operation. 


DESIGN DATA 

Contact plates per section: 2 

Poles per plate: 1, 2 or 3 

Contacts per pole: To a maximum of 240 

Phase error between poles: + 5% 

Leakage resistance: 100 megohms nominal 
1000 megohms with more frequerit 
service 

Scanning rate: Up to 30 rps 

Motors: 60 cps, 400 cps, or D.C. 


Duty: Continuous 
For Further Information, Write: 


—ASCOP 


Electro-Mechanical Division 


Applied Science Corporation of Princeton 


P.O. Box 44, Princeton, N. J. 
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Random Comments of the Editors and Readers 


Heaven Forbid! 


In the Thinking Ma 
chines of the Future at the recent AIEI 
Winter General Meeting. C. R. DeCarlo 
of IBM envisioned machines that will 


=\ mposium on 


read and abstract printed articles, once 
a language code has been set up. The 
machine can’t learn its A. B, C’s: it 
will have to recognize syllables like 
modern reading methods for children 
But what if the machine is put to work 
reading the latest issue of ELECTRICA) 
19687 Will it 
read the advertisements. too? The ed- 


\IANUFACTURING circa 


itor’s job of maintaining a reader audi 
ence Is tough enough without bringing 
in cybernetics 

What we really would be interested 
in is a machine that would auto 
matically edit manuscripts for style 
No. we don’t write 68°F: we write i 


68 F. Not mfd. but mf 


Elevator Conversation at NYC 
American Physical Society 
Meeting 


One fair damsel to another: “This is 
the weirdest convention I’ve ever seen 
These crazy physicists don’t pinch any 
body. They just stand around talking 
to each other.” 


Clear the Decks— 


for actton \ venerable but vis id eX 
pression of alert readiness. we know 
this as a call for the elimination of 


obstructions and  non-essentials for 
greater effectiveness 
There is a simple 


“clear the decks 


small organizations 


strong idea i! 
particularly for 
Obstructions are 
not alwavs recognizable as such and 
perversely, may even be created in 
ittempts to increase “efficiency.” Effec- 
tiveness-in-action for the accomplish- 
ment of defined tasks is not necessarily 
the same as the “efficiency” of the 
professional manager’s charts and _ re- 
ports. The small organization, whether 
engaged in production. research or 
other enterprise. has (or ean have) 
certain advantages that are peculiar 
ind these can easily be 
eroded awav bv uncritical adoption of 


to small size 


methods and attitudes which are suita 
ble and inevitable in “bigness.” Troni 


cally. by such imitation the small firm 


can toss overboard the single clear-cut 
competitive advantage that it possesses 
Competition is not only for customers 
It is also (with increasing intensity) 
a costly battle to attract and to keep 
top-ability human talents. Flexibility in 
operation. quick decisiveness geared to 
purpose rather than to rigid “policies,” 
three-dimensional use of total human 
talents of people instead of the me 
chanical robotry of organization charts 
ind channels—-these are typical of the 
small firm’s potential advantages. These 
qualities can attract the best people 
best for small firms at any rate 


In a recent statement ibout the 
present engineer-scientists recruitment 
situation the particular problem of the 
David 
Polon. a director of Witty Consultants 
of New York. said in reference to the 
smaller “Many of them 


do not have large handsome plants 


small company was stressed 


organizations, 
iir conditioning new factory and 
laboratory facilities. renowned staffs or 
mvriad benefits of their bigger brothers 
Money. not adventure or prestige. will 
be the prime recruiter ror small 
firms] 

For obvious reasons. such as the 
simple dollar value of various intangi 
bles associated with large-company 
employment. it is probably reasonable 
that smaller firms must offer higher 
salaries. but the positive merits ir 
smallness itself should be jealously 
preserved and positively sold also 


AFL 


Equations and Covers 


Our covers in recent months have fre 
quently carried equations of one kind 
or another—-for November we had the 
probability equation and for December, 
one relating to the life of electrical in 
sulation: and one is in work for a 
future issue involving a servo transfer 
function—-and we always view then 
with a certain amount of trepidation 
There is something so specific and fina] 
about equations and it comes so natur- 
ally to the engineering mind to “check” 
on their accuracy and validity. So far 
however, we've had no protests or cor 
rections and we were just feeling i 
little proud when along cemes the 
Saturday Review (of all things) with 
a whole cover full of equations and cal- 
Well. we just hope they 
checked their cover 


culations. 


proots ¢ arefully 
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YOU CAN GET EXACTLY WHAT YOU NEED 
IN ELECTRICAL SHEETS from... 


Electrical sheet customers for over forty years have acknowl- 
edged Acme-Newport's ability to match every specification 
exactly. To that proficiency have been added the most modern 
facilities, so that today’s output is even better than ever. High 
quality is safeguarded by every control known to steelmaking. 


These sheets are unvarying in gage; they punch fast and clean, 
assemble easily and economically, help you satisfy customers’ 
growing demand for dependable motors, generators and other 
rotating equipment. Acme-Newport electrical engineers will be 
glad to discuss your specific requirements. 


Newb etedl 


COMPANY 





NEWPORT, KENTUCKY 


Bl compan, 
STEEL) © 
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Incidentally, we 
know these are hot 
pots mechanically 
but they’re also 
hot for tempera 
ture, too. Power 
derates to zero at 
165°C standard 
225°C special 


* Patent Pending 


Palladium contact 


Torque spring 


Insulating 
bushing 


Jewel pivot 


Now a totally differenr 
mechanical design over 
comes limitations of con 
ventional precision poten 
tiometers. The heart of the 


matter is “‘dynamic bal 
once 1) orm d 

cally balanced 

2) contact assemb 
namically balanced on 
arm. Advantages: low 
mass, low inertia, long 
life, .1% linearity, excep 
tional stability under ex 
tremes of vibration, shock 


and acceleration 


' 


* 


balance" 


“Dynamic Balance”’ . it’s the very essence 

of the “1000 series” of linear and functional 
precision potenticmeters. It means a new dimension 
in circuitry design! Proved operationally successful 
in a variety of military equipments even under 
severe environmental conditions, ‘'1000 series” 

pots open the way to reliable electronic 

systems withstanding higher frequencies 

and temperatures. 


Get complete engineering data on the 1000 series”’ 
line. Write today. 


Division of 


kintronic 


10265 Franklin Avenue 


Chicago Aerial Industries, Inc. 


Franklin Park, Illinois 
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t 


hecause somebody must have known 


what they were about--we couldn't 


even get to first base on then 


“Cape Canaverality”’ 
on the Machine Floor... 


No machine tool ever had a more 
glorious day for its debut. After three 
days of snow and bitter cold, the sun 
finally came out and the world literally 
glistened. So did the machine 


When the spree 


and the grand 


through 

angle to” bat 

blanket of ir descenee 
But the baby i 


controlled milling 


Electrical 
Manufacturing 


This Month’s Cover 


Guass-To-Meran Sears Over the past 15 
years. a new feature has become increa-- 
ingly common in specifications for elee- 
tronie and mechanical devices. This fea- 
ture is that the entire deviee be her- 
metically sealed to avoid the harmtul 
effects of exposure to contaminating en- 
Vironment= and particularly to low pres 
sures at high altitude 

The present program of high reliabil- 
ity for complex electronic equipment 
would be impractical if the progress in 
terminal seal design and manufacture 
had not kept pace with the rest of the 
electronics art. Our March cover depicts 
the basie geometry of the two major 
classes of header seal designs and a 
number of terminal variations. For the 
whole story turn to page 110. 
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ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue 
That goes for both advertising and editorial 


pages. 


To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 
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. New Components and Products 

r Reviews of new developments starting on 
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~— New Literature 

¥ Latest catalog and bulletin offerings starting on 
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. Reprints of Editorial Features 
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ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
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“The Cradleclip wiring system 
ls saving us time and money... 
it’s fast, efficient and provides a 
well-engineered appearance.” 









States Mr. Millard D. Shriver, Vice- 
President-Assistant to the President, 


Panellit, Inc., Skokie, Illinois 








put “ cradleclips” to work for you too... they will 
cut your wiring time by at least 52%! 
CSC cradleclip 


TRADEMARK 


FOR SUPPORTED WIRING 


Since the introduction of ''Cradleclips,"” company after com- WI RI N G S Y S T E M 
pony has learned how this system will quickly and easily 
solve their harnessing problems. The “Cradleclip’ wiring 


FOR UNSUPPORTED WIRING 


1/0 


system consists of a series of Cradles and Binders, moulded 
of tough nylon, and a series of Extensible Clips, moulded 
from strong, rugged, flexible neoprene, to hold the cables 
securely without damage. Sizes available to meet the re- 
quirements of cable groupings having a diameter of 4 inch 


to 2% inch. Applicable under all climatic conditions. ‘'Cradle- 


clips” provide a simplified, high-speed, wiring system that is 
neat and compact in appearance . . . wiring changes or 
additions can be made with extreme ease and, best of all, 
Cradleclips” will reduce wiring costs and speed up produc- 


tion... takes only 5 seconds per fixing point. 


The above components are used 
for supported wiring yOu 
simply attach the cradle to the 
panel board, place the cables 
in the cradle and hook on a clip 


of the required size. 


The above components are used 
for unsupported wiring just 
hold the binder in position on 
the cables, attach a clip of the 
proper size and move on to the 
next point... it's fast, easy and 


efficient. 


Twice as good... twice as quick ... when you wire with ‘'Cradleclip” 
A PRODUCT OF 


Write today for your free sample kit 


Terr ae 


124 EAST 40th STREET ¢ NEW YORK 17, N.Y. 
Phone: OXford 7-8397 


contains samples of the various 





clips, binders and cradles. There is no 





obligation, of course. 
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steps forward 
in rectifier design by 


Amperex’ 


lesigners and manufacturers of the world’s most complete line of rectifiers 


a 


THE NEW 7136 single-anode, high-voltage mer- 
cury-vapor rectifier. A plug-in replacement for the 
575A, surpassing it in capacity and dependability, with 
higher peak inverse voltage. Offers trouble-free opera- 
tion in induction and dielectric heaters. 


Peak Inverse Voltage: 15 kv 
Average Anode Current: 3 amps 


THE NEW 869 BL heavy-duty mercury-vapor rec- 
tifier. Uses short, flexible filament leads to eliminate 
possibility of high contact resistance. This prevents 
under-emission and tube damage, and insures proper 
voltage drop across the filament at all times. Preferred 
by equipment manufacturers and users for broad- 
casting, induction and dielectric heating equipment. 
Peak Inverse Voltage: 15 kv 

Average Anode Current: 5 amps 


THE 6786 super-power, grid-controlled, mercury- 
vapor rectifier. Guarantees precise electronic control 
for industrial oscillators up to and in excess of 100 kw 
output. Proven long life in actual field tests. 
Peak Inverse Voltage: 15 kv 
Average Anode Current: 10 amps continuous; 

15 amps intermittent 


Cee... 
ask Amperex about mercury-vapor, inert gas 


and grid-controlled rectifiers 
for communications and industry 


AMPEREX ELECTRONIC CORP., 230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND, N. Y. 


In Canada: Rogers Electronic Tubes & Components, 11-19 Brentcliffe Road, Leaside, Toronto 17, Ont. 
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‘NEWS OF MATERIALS THAT ARE 
IMPROVING TODAY’S PRODUCTS 


THE NATIONAL SCEN 


4 1957, National Vulcanized Fibre Co 
PUBLISHED BY NATIONAL VULCANIZED FIBRE CO., MANUFACTURERS OF: 


VULCANIZED FIBRE - PHENOLITE LAMINATED PLASTIC + NATIONAL NYLON 


National’s Broad PHENOLITE® Line = “yeh Sstonal sl 
Assures Unbiased Recommendations below, you can 
Successful printed circuitry must begin with superior copper- 

id laminates lo insure this printed « 


ult success 
National’s Rese irch and Develo; ent Laboratories have 
continuing program aimed at Improving ex sting 


Research Helps NVF Copper-Clad Laminates Meet Every Known Application 


ind introducing ne 
backed by t 


t is 
eds 


TYPICAL TEST VALUES ON COPPER CLAD PHENOLITE 


PROPERTIES OF BASE MATERIAL COPPER CLAD PROPERTIES | RELATIVE cost 


Based on XXXP 
on Arbitrar 
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New Copper-Clad Material 
Scheduled For Trade Shows 


At the IRE and Design Engineering 
Shows National will unveil a new 
epoxy glass base laminate 

Identified as PHENOLITE G-11 
865-1, this new material is available 
for critical printed circuit applica 
tions requiring superior heat resist 
ance, high mechanical strength 
excellent electrical properties and 
good dimensional! stability 

Bond strength. dip solder resist 
ance, and surface and arc resistance 
are also exceptional as shown below 
New G-11-865-1 features retention 
of flexural strength after heating 
An example of this is that after con 
ditioning for one hour 

thick piece 

Of its orig 


Properties of G-11-865-1 


Sizes Available 
Test pieces are conditioned in a humidity chamber for 96 hour 
humidit Condition C-96 35 90) prior to surface ré t 


ment is made me minute ifter ipplying 2 500 v 


Improved printed circuit materials to jected to an electric 


meet critical new applications in radio Farttimcadore: Mais ’ , 
; i Onals eS 


modification of Bell Telephone Lab 
ratories’ Whippany #3 test—in whicl 


television, computers, automobiles 


military electronics, appliances and Properties 
communications devices are developed 


by National’s Research and Develo, 


the material is pattern-etched, washed 
dried and then conditioned at ASTM 


ment Laboratories. This research has : ; : 
; ’ — Condition C-96/35/90 is illustrated 


expanded continuous! 

decade Results: his test and others, 
properties of National’ 

Case in Point: Proving electrical prop laminat ave enabled NVFE 


erties of various foil clad materials by a ustomers a better quality 
Chis test meas printed circuit materials. Examy 


. 7% : Surface Resistance 
-of electric current over w CGrad | material discussed in 
surface when it is sub next column ee 


—_—— 


Flexural Strength 


Arc Resistance 


ASTM D-495-56T 


P ee SEE US AT 
Approximately 25” of comb-patterned lines, Printed circuit test patterns are etched in a IRE Show —Booths 4419-21 
spaced %.” apart, are silk screened or photo warm ferric chloride solution using specially 


Design Engineering Show —Booth 854 
engraved on the test pieces constructed tower. 
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t contorm to the contour of the fuel tank. 





Phenolite to help Satellite Predict Weather 


liny, but essential, pieces of Natior perature-variation and dimensiona 
ARE USING PHENOLITE help make up the “Weather y requirements won PHENOLITE 
Eves”’ of America’s earth satellite, whic! pla n the satellite’s “Weather 


| 
= soon will transmit weather data fron 4Y laminated plastic material 


ee 


DESIGNERS 


suLer space Vil printed circuit bases r 


Puen Ability to meet severe weight, tem ctor un ind as insulating spacers 
iel gauge miniature instruments 
dimensional ibility and , . ve p by Perkin-Elmer Corpora 
| solvent act t 3 walk, Conn 
ith conducting pa r esig! n nateria selected by Perkin 
PHENOLITE Grade G-10-865 


filament type glass cloth 


epoxy resin. In addition 


iter 
tor ind excelient 
ised primaruy 


resistance al 


ire demanded. 


Special White Fibre inserts, 4” thick, as 


ing faces in golf clubs. Material can be 


achined to exact fit. will not mark. dent or 


nder brutal beat 


ippearance 


Dime-size pieces of National printed circuit 

material will serve as i ument insulating 

spacers in | S rth atellite xperiment 

planned by U.S. Army 7m <ngi riece National PHENOLITE has 
neering Laboratories lar t tor 


p------ 


| 4% NATIONALE wercanizen risnr co. 


Dept. NS-C, Wilmington 99, Del. 


Use this handy counon to get the literc 


to us or drop it of at 


PHENOLITE Glass Base Grade G-7-832 as 


trol mounting plates in test equipment A. Materials C. Fab ted 
abdricate 
heat resistance and easy fabricatior 


applic ation. 


} : | Selection Guide 
assembly qualify material for thi a 16p 8p 


18. Copper-Clad 
Bulletin 


6p D. PHENOLITE 


G-11-865-1 
Dato Sheet 


Gray Vulcanized Fibre insulators for 


he 


rn buttons offer excellent mect 
' ‘ 
rical insulation proper 


vear out 
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Behind the quality of Phelps Dodge 





Abrasion resistance Film flexibility 





26 ELECTRICAL MANUFACTURING 





Phelps Dodge Formvar magnet 
wire has a high quality and 
balance of essential properties 
that are the result of carefully 
controlled testing throughout the 
manufacturing process. These 
balanced properties offer greater 
abrasion resistance, exceptional 
film flexibility, improved solvent 
resistance and high product 
uniformity—factors that serve to 
make Phelps Dodge Formvar the 
Standard ‘‘yardstick’’ for the 
electrical equipment industry. 
Phelps Dodge Formvar is 
available in round, square 


and rectangular shapes. 


Any time magnet wire is your 
Solvent resistance 


problem, consult Phelps Dodge 


for the quickest, easiest answer! 


PHELPS DODGE PRODUCTS ree 


CORPORATION 2 f LASTING QUALITY 
F S —FROM MINE 
INCA MANUFACTURING DIVISION 


TO MARKET! 
FORT WAYNE, INDIANA 
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TO CONSULT 





ASCO\rFirst - ON morors... 








¥ 
Fasco offers the widest range of motors... from 1/500 to 1/4 H.P.—shaded 
— pole and split capacitor types—also centrifugal blowers with air-output 
ratings from 15 to 320 C.F.M. 
2 | Fasco offers the greatest flexibility in DESIGN ... 1M MANUFACTURING... 1n 
DELIVERY. 
&} Fasco provides the fastest motor application service in the field. 
<3 F asco guarantees the fastest delivery of engineering sample services. 
i Fasco’s years of specialization in this field combined with tremendous 
production facilities—plus the great demand for our products, makes it 
possible for us to produce quality motors and make them available 
prices which permit you to maintain a strong competitive position. 
These points, coupled with the fact that Fasco reasons why you too should consider Fasco 
fractional H.P. Motors and Blowers over the Chances are there is a FAsco Motor or Blower 
years have established a world-wide reputation that will meet your requirements. If not, then we 
for dependable, trouble-free performance in liter will build one to meet your exact specifications 
ally hundreds of diversified applications, are Let us prove these points to you s 











Write. wire or call us or the Fasco field office near Th ata 
t 4 ual a Yandel » ae '] amn a a 
est vou, and a eld engineering spectatis il eal i pie te 3110 
A BBs 
ant to study your particular applicattor c FA COFHP. | Vi0 ‘ 
# and Blowers. A 
= caer, rhage 


a 





ROCHESTER 2, N. Y. 
TELEPHONE: HAmilton 6-1800 


sco 


BRANCH EN GIN € berth: S oO frrI Cres 
FRACTIONAL H.P. 


; Mi East North Central Har V North Central 6 W. Lawr v West Coast F Box 30 
MOTORS ne Rextview 4 Kilgore 54556 Lattabve, Coll, Quen 7-208 
Mid Central Brent sf South Central 1924 Greenville Ave Home Office SN. Union St 
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TMU MO Tame TIT. 
Cee CZ TT, 
ZINC bie CASTINGS ARE BEST 


o> r r r + r 

ther principal parts of the Model 41 C ireto ide 
C because ZINC Die Castings are best suited for tl 
xtreme lape of 


complexity of shap 


HORSE HEAD SPECIAL ZINC AND ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY 


DEVELOPERS OF THE MODERN ZINC DIE CASTING ALLOYS IN USE TODAY 
160 Front Street - New York 38, N. Y. 


ANRSE HEAD PRODUCTS 





frat Ea ne fe 5 nel ahaey J ee : a : 


Se ic 


WHILE YOU'RE AT THE 


IRE SiiOW 


SEE LEESONA COIL WINDERS 


Precision-Winding Coils at High Speeds, 
AUTOMATICALLY 


a BY Pas 
Poe 
; 


AR aid fi ’. “ 
Se Re 
. a : , " 


: he al Pat od 
NRG Shera iMars era aca 


peer ea hy 


a or: 


winds paper-insulated coils in multiple for 


LEE SONA NO. 107 long production runs .. . automatic feed .. . 


electronic speed control... 


eee Ca Ra CSRS CE ee eS ET: } eta See broke aiey Pe 


bots 24 Via 


~ pe ee i 
eee Tae Fees oA 


lattice-winds fine wire coils . . . singly or in 


LEESONA NO. 111 multiple . . . programming attachment... . 


arbor transfer attachment .. . pie-winding 
attachment... 


See these economical, flexible machines, each with many other unique features, at 
booths 4313-4315, fourth floor, IRE Show, March 24-27, New York Coliseum. 


pases) ate) naan eN Te Spas 


a eh) An rts A Ne ie eh 


UNIVERSAL WINDING COMPANY 


P.O. Box 1605, Providence 1, R. I., Dept.133 


FOR WINDING COILS IN QUANTITY ... ACCURATELY ... AUTOMATICALLY .. . 
USE LEESONA WINDING MACHINES 


GREG See ieee cent Lass SERRE Berk BRL 
Raho TAPES Ta Te hoa ee en Ure, © OUN ek toa Sale 
7 Hits ae vo f, ae We ie AEA awh 7 ae ote: a 
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> 
atta le 


“straight through” 
dual-sw eep 
ventilation eliminates 


“hot spots” 


full height 
end head 
protection 


My lar 
insulation 
increases motor 


life 


hearings easily 
inspecte d by 
removing cover 


plate 


permanently 
numbered leads 
simplify installation 
and maintenance 





*DuPont registered trademark 








--. at standard motor prices 


R&M Series 254U Motors help pay their own way from the minute 
you flip the switch! They stoutly resist any hostile environment — 
moisture, dirt, heat, acid or alkaline fumes— and so live longer. 
They have push-pull ventilation that won't let dirt settle and keeps 
motor internally cool—and so perform with full, brisk efficiency. 
Their oversize bearings are quick and easy to inspect and relubri- 
cate — so your maintenance costs dwindle. 

This long, trouble-free, vigorous motor life is what R&M means 
by “Premium Performance’ —an extra reward in service and 
savings every R&M motor offers. These and other big, money- 
saving advantages shown at left cost no more... R&M motors 
carry standard motor prices! 


Write today for R&M Bulletin 520-EM! 





Robbins & Myers build motors from 1/200 to 200 horsepower 


ROBBING § MYERS. we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
tz fs} Gy) ee A 
Ck id os Smee. A} 
4 © SH ? ; teh y 
— 2 moverma ® 
MOTORS FANS HOISTS MOYNO PUMPS PROPELLAIR FANS 
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New lemner for #2 EG Alcoa Aluminum Bus Bar 
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New lemper for #2 EC Alcoa Aluminum Bus Bar 
Increases Conductivity from 59% to 60%... 
at No Increase in Cost 


Substantial Savings Now Possible Through Reduced Power Loss 


A new peak has just been reached in Alcoa’s continuing efforts to improve the 
efficiency and reduce the cost of electrical equipment. 

Now, Alcoa® Aluminum alloy bus bar with guaranteed minimum electrical 
conductivity of 60° IACS is available for many applications, at no increase 
in price. 

The new temper of Alcoa #2 EG alloy, designated T64, is the culmination of 
Alcoa pioneering which has raised the guaranteed conductivity figure, point 
by point, from 55% in 1954. It means that now you can count on real benefits 

' and savings, chiefly from reduced power losses. 

Guaranteed minimum tensile strength of the new T64 temper is 15,000 psi, 
with a corresponding yield strength of 8,000 psi. Bending properties are 
excellent. 


Calculated for Savings! 


The actual savings you can expect as a result of the new Alcoa #2 EC-T64 
bus bar are apparent in this example: 


1% in.x4 in. aluminum bus bar e Weight—1.176lbs per ft » Average load current—1,000 amps dc 
Average operating temp.—70°C e Operating time per year—2,000 hours e¢ Line | ad 
$.015 per kwh e Interest rate on investment-5% « Amortization period—20 years 

For 59% conductivity R=16.50 x 10° ©2/ft 

P, =|?R = 10002 x 16.50 x 10®=16.50 watts per ft ¢ Energy loss =16.50 x 2000/1000 = 33.00 kwh 
Annual cost of losses = 33,00 x .015=$.4950 per ft 

For 60% conductivity R=16.27 x 10° £2/ft 


Annual cost of losses =$.4881 per ft ¢ Annual savings =.4950—.4881 =$.0069 per ft 


A 





1-(1. — n i=interest rate 
where n=amortization period 
C=annual savings 


=$.0860 per ft 
-0860 
1.176 
This means one could afford to pay up to $.0731 per-pound premium for 60% 


conductivity aluminum bus conductor based on the annual benefits received; 
this represents a saving in bus conductor cost of about 15%! 


Present value of benefits=C - 


Present value of benefits=.0069 1-G Oo 


Converting to a per-pound value: Present value= =$.0731 per Ib 






A 


Your Guide to the Best 
in Aluminum Value 


“ALCOA THEATRE” 
Exciting Adventure 


Alternate Monday Evenings 


ALCOA @ 
iPha U AA 










For Your Special Applications 


The bulk of UTC production is on special units designed to specific customers’ needs. 
Illustrated below are some typical units and some unusual units as manufactured for 


special applications. We would be pleased to advise and quote to your special requirements. 


FILTERS 

Py eng 
biel lala) 
from .1 cycle 
ce 0 Lee 


400 — telemetering, 3 db at 15 — BP filter, 20 db at 30 LP filter within 1 db to 49 LP filter less than .1 db 0 
+ 7.5%, 40 db at'230 and —, 45 db at 100 —, phase KC, stable to .1 db from 0 te 2.5 KC, 50 db beyond 3 


" angle at CF less than 3° to 85° C., 4 , 
700 —, Ye x 1% x 2”. yan to + 100° C. 5° C., 45 db at 55 KC 


WS BS 


Toroid, 

FT Cate 
and cup 
structures 
from .1 cycle 
elie lem 


Tuned DO-T servo amplifier Toroid for printed circuit, Q Dual toroid, Q of 75 at 10 HVC tap) variable inductor 
a 400 — 5% of 90 at 15 KC. KC, and Q of 120 at 5 KC. for 3 KC oscillator. 
stortion. 


aah RES) 
Saturable reactors, 
Clas 
eee 
Eye 


Pes 
mee Mm Lee 


RF saturable inductor for Voltage reference trans- Multi-control magnetic am- Input, output, two tuned 

sweep from 17 MC to 21 MC former .05% accuracy. plifier for airborne servo. interstages, peaking net- 
work, and BP filter, all in 
one case. 


PULSE 
PUL 8y 


From miniature 
Tele tid 
oscillator to 

UR eras 


Wound core unit .01 micro- Pulse current tansformer 100 Pulse output to magnatron, Precise wave shape pulse 
second rise time. bifilar filament. output, 2500 V. 3 Amps. 


atta 


COMPONENTS 
NET E Rema 
Che 10 
hermetic, 
molded, and 

Titer VELL 


Multi-winding 140 VA, 6 KC 200° C. power transformer, 400 — scope transformer, 60 — current limiting fila- 
power transformer 14% x 1% 400 —, 150 VA. 20 KV output. ment transformer, Sec. 25 
a” Mmfd., 30 KV hipot. 


UNITED TRANSFORMER CORPORATION 


150 Varick Street, New York 13, N. Y. © EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y., 
CABLES: ‘‘ARLAB” PACIFIC MFG. DIVISION, 4008 W. Jefferson Blvd., Los Angeles, Cal, 
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_ Copper and Brass.. 
; today’s best metal bargains! 


PROOF: Manville Manufacturing 
a switches back to Brass for 


a better product at lower cost... drops steel! 


The ‘“Dishmaster’”’ made by Manville Manufacturing 
Co. of Pontiac, Michigan, includes many small parts 
again being made of brass. Direct comparison of costs 
with cadmium-plated steel showed that brass was 
once again the bargain buy in metal. For example, 
cost of the retaining ring shown here was reduced 
$11.50 per thousand when the manufacturer switched 
back to brass! Comparable component savings are 
being made all down the line! (Based on October ’57 
costs of brass vs. steel.) 


The re *s no excuse Tor using substitute Ss for coppe ? 
and brass; the genuine article is today’s best bargain 
in metals! Your nearest Chase man can show you spe- 


cifically how Chase allovs—made of Kennecott copper 
BRASS & COPPER CO. Ay sheet : 
WATERBURY 20. CONNECTICUT can fit into vour production picture. Contact Chase 
: 26 x e¢ T. sy} xr 9) ‘an etie 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION locally or at Waterbury 20, Connecticut. 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 


Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L. 1.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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R BW JASTLUER BRIS 


RUSSELL, 


Technical-ities 
By John S. Davey 


Select proper 
bolt diameter 


An erroneous rule of thumb 
worth forgetting is that no 
bolt under 5” should be used 
where fastened members are 
under stress. Yet bolts %-inch 
and smaller take plenty of ex- 
ternal loading. 


HOW TO LOOK AT IT 
Primarily, you have to satisfy 
the stress requirements . 
the load. So select bolts on 
that same basis: the actual 
strength to sustain that load. 


Calculating the strength re- 
quirements will tell you what 
bolt tensile, size, and number 
you need, If smaller bolts suf- 
fice, use them to avoid the 
penalty of overdesign. Holes 
can be smaller which means 
faster drilling and tapping. 
You have a chance to save 
materials since with smaller 
bolt holes, fastened members 
can often be made smaller too. 
You may also be able to 
standardize on a single size, 
saving assembly-line time, 


SIZE VS. SAFETY 


Remember that for a given 
grade of material, size tells 
you capacity of a bolt, not its 
safety. If you tighten a bolt 
to capacity, then you get 
safety. That’s why a smaller 
bolt properly tightened is bet- 
ter and safer than a larger 
bolt sloppily tightened, espe- 
cially where the loads are 
dynamic. Obviously, you re- 
duce risk of under-torqued 
bolts as you reduce their size. 
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BURODSALL & 





WARD BO LT 


New 
give 


Here is a new type of composite 
fastener that seals by means of a 


unique flow-in sealant and washer. 


ASSURES TRIPLE SEAL 


Concave in shape, the heat treated 
springy washer confines and con- 
trols the flow of sealing compound. 
Tightening the screw forces sealant 


into various spaces around (1) 


When screw 

the compound seals clear 
ance hole and top thread 
between washer and sur 
face; between head and 
washer. 


threads, (2) head and (3) clearance 
hole to give hermetic sealing. 

The washer has ability to con- 
form to curved surfaces and still 
seal securely against hydrostatic 
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COMPANY 


SPIN-SEAL screws 


leakproof fastening 


pressures and wind driven water. 
Its spring tension and flat rim give 
the added advantage of dynamic 
metal to metal seal. 


ONLY THE SCREW TURNS 


Washer does not turn with the 
This prevents twisting or 
tearing the sealing “gasket”, mar- 
ring of polished surfaces, or goug- 
ing of painted finishes. 


screw. 


The flow-in gasketing compound 
is plastic rather than elastic. Stable 
and non aging, it won’t split or 
ozone-check under pressure. It gives 
controlled flow into clearance spaces. 
Compounds are available to seal out 
water or oil. 

Send for Bulletin SS-1 which 
gives details on RB&eW “SPIN- 
SEAL” fasteners. Russell, Burdsall 
& Ward Bolt and Nut Company, Port 
Chester, N. Y. * 


T™ 


Planis at: Port Chester, N. Y¥; Coraopolis, Pa.; 
Rock Falls, Ill.; Los Angeles, Calif. Additional 
sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 


Circle 124 on page 17> 





A full line of General Electric fhp motors 
to help you lower your costs, increase sales 





ACME ENGINEERING AND MANUFACTURING 


anon gr __ Service Proved 


BOSTON. GEAR WORKS 
melo uls 2 ert erat ut 


; 


MOTOR VERSATILITY 
lity of General Electric fractional horse 
power motors allows us to apply 
r 100 Series Speed Reducers. V 
broader selection of dri 
TROUBLE-FREE OPERATION 
f operations and we have had , 
-e from G-E fhp motors under ROBBINS INCUBATOR COMPANY 


Denver, Colorado 


PACKAGED UNIT LOCAL SERVICE 


f G.E.’s motor enables us to give ou ‘‘Dependable motor performance and quick, local 
nit, rather than use individual parts, a motor service are musts with our incubator custom- 
-an be made with Zer¢ ers. G.E.’s network of Small Motor Service Stations 


give us the back-up service we need...and expect!” 





AIR-SHIELDS, INC. RHEEM MANUFACTURING CO. 


Hatboro, Pennsylvania Chicago, Illinois 










REDUCED WEIGHT 35% 


‘‘When we switched to G-E motors, we cut the weight of 
medical pumps 11 pounds; 35% less weight for a nurse t 
carry. Reliable operation under all conditions is essential for 


life-saving equipment and G-E motors meet this requirement.’ 


SMALL SIZE 
STOKERMATIC, INC. “The compact size of G.E.’s motor helped us t 
TT Ol ell Ly greatly simplify blower applications on our furnaces 







5 


G.E.’s fast, efficient engineering service helped us 
solve many special application problems, toc 


TACO HEATERS, INC. 
Cranston, Rhode Island 





QUIET OPERATION CONSTANT QUALITY 


‘‘Most of our automatic coal-burning space heaters are installed “We put all of our hot water circulating pumps 
in living rooms where quiet operation is a must, and the silent through rigid tests before shipping. Better than 99% 
operation of G-E fhp motors has become a big plus that helps of all G-E motors we've tested have passed every 
increase our sales. Our customers prefer G.E., too!” check ahead of any other motor we've tried!”’ 













Ou improve your products, too! 


Here’s Why General Electric’s Complete Line of Fhp 
Motors Can Produce Results Like These for YOU! 


Nearly 


COMPLETE LINE of these motors  simplifie 
election. There’s a G-E Form-G motor for pr 
t + . TyT\ 13 + r 


SMALLER SIZE of G-E fhp motors mear WA 
smaller, more compact product. The “years ahead G-E Appar les Office will 
G-E motor is 4 50%, lighter in weight a vs improve your prod 
MINIMUM MAINTENANCE makes ir prod rrange { quick deliver f the m 

ict easier for customers to use. A 50% greater oil Write for Bulletin GEA-6424 to Sect 


capacity and a highly efficient oil retention syste1 General Electric Company, Schenect 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


PENN VENTILATOR CO., INC. 
all a 


A. E. MOORE COMPANY 
Waupaca, Wisconsin 


aie thd Me 55 oe 
Pa Kt 






1 — 7 


COMPLETE LINE 
“Our broad line of exhaust fans must meet many re started produci: I ) lati 
job requirements. We found that the completeness joor opener, we tested many motors. We chose G.E 
of G.E.’s fhp motor line helped us to standardize because with all-angle mounting we could 1 nt 
nly on design, but quality, of our products.’ r unit t 





The General Electric “YEARS AHEAD” motor* 


The motor that set a new standard... 


Convenient, easy-to-read nameplate Sturdy steel shell, drip-proof construction 
Mylar? Polyester film insulation 


100 wool felt wickings 
One-piece rotor construction 


Color-coded Neoprene leads f Quiet, all-angle sleeve bearings 






Sturdy end shields Long-life switch 


Protective varnish coating 


Easily-rotated cradle base 


Formex insulated magnet wire 
All-angle thrust washer assembly 


y 
f 


Easy-connection terminal board and speed nut 


*available in both 48 and 56 frames 


tReg. trademark of Dupont Co 


rtReg. trademark of General Electric Co 








Series 1527 


Veeder-Root 













\Y 
Newest News from 


VEEDER-ROOT 


frontal area less than 1" x 1”... save an im- 


Miniaturized Electro-Magnetic Counters were 
originally developed for use in aerial cameras. 
These and similar counters are used to “‘post”’ 
the number of film-exposures, gallons or rounds 
cf ammunition remaining after each use. 

The 


new miniaturized 


counters present a 
Added Evidence 


> 
that Everyone KK 
Can Count on ““@ 





Hartford, Conn. « 
New York « Los Angeles * San Francisco * Montreal 


portant amount of space over the older, larger 
counters. Yet they are designed to operate at 
speeds as high as 900 counts per minute. And 
this modern design includes a new push-in bi- 
directional reset knob, with speed-up gearing. 
most require- 


Specifications meet nilitary 


ments. Write for full details. 


VEEDER-ROOT 


INCORPORATED 
HARTFORD 2, CONNECTICUT 


Greenville, S. C. * Altoona, Pa. © Chicago 


Offices and Agents in Principal Cities 
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surface barrier transistors from SPRAGUE 


(RE EE RT MEET DEAREST 





2N344/SBi01 
for Medium Gain 
Amplifiers 


Min | Typ |Mox 
me 


hte 11 231 83 


2N346/SB8103 


for High Frequency 
Oscillators 


| Min. | Typ. |Max 


— +4 +- 
Nhe | ame 


—__—__—_4+————_+- 


aa 6o| 90) — 















2N345/SB102 
for High Gain 
Amplifiers 








octual 
size 


2N240/SB5122 
for Computer 
Switching 


| Min Mox 


hfe 44: 3 a0 
] 

fmox 30 | — 

% - 80 


IN VOLUME PRODUCTION You/ 


For general high frequency applications, and for 
high speed computer switching circuits, design 
around Sprague surface barrier transistors. They 
are available now in production quantities from a 
completely new, scrupulously clean plant, built from 
the ground up especially to make high quality 
semi-conductor products. 


e SY 
aes 
'§ 
a 
o FOR CO 
a 
e —___ arene 


TRANSISTORS «+ RESISTORS «+ MAGNETIC COMPONENTS 
CAPACITORS « INTERFERENCE FILTERS * PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE e PRINTED CIRCUITS 


The four transistor types shown are the most popu- 
lar. Orders for these units are shipped promptly. 
What’s more, surface barrier transistors are reason- 
ably priced. High quality and excellent electrical 
characteristics make them an economical solution 


to many difficult circuit requirements. 


Sprague surface barrier transistors are fully li- 
censed under Philco patents. All Sprague and Philco 
transistors having the same type number are manu- 
factured to the same specifications and are fully 
interchangeable. You have ¢wo sources of supply 


when you use surface barrier transistors! 


A SHEETS ON THE TYPES IN WHICH 





REQUEST TO THE TECHNICAL LITERATURE 


ELECTRIC CO.,.307 MARSHALL ST., NORTH ADAMS, MASS. 


the mark of reliability 





See Us at the I. R. E. Show — Booths 2416—2424 
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Protect Gear Trains and Equipment with a gear made 
of Taylor Laminated Plastic. This unit will act as a safety 
valve, localize the effects of destructive forces. Yet, 
under normal conditions, the gear will outwear metal ones. 


Put a safety valve in your gear train 


A gear made of Taylor Laminated Plastic Silent Gear Stock will localize damage 


due to destructive stresses, yet outwear metal under normal operating conditions 


What gives when gears jam—the power train, the equipment PHYSICAL PROPERTIES 
they are in, or a single easy-to-replace gear? It can be the 
single gear when you install one made of Taylor Laminated Water Aaserption Heat Resistance 


24 hr. immersion ; (max.) 
Plastic Silent Gear Stock as a safety valve. This gear will Taylor (©7, max.) Specific Cu. in. Rockwell 


localize the destructive forces and can even disintegrate grade Gravity per tb. Hardness Continuous Intermittent 


in Vo in use ( F) use ( F) 
but the other gears in the train, and the equipment. will be 


fully protected. Yet it can outwear the metal ones. 2.3 4 1.35 20.3 “103 
Taylor Laminated Plastic Silent Gear Stock is made in M-105 
several grades. Each has physical and mechanical proper- aA 
ties that make it particularly adaptable to such application ewer 
as gears, cams, pulleys. pinions, flat springs, and bearings. 
Look into the advantages of Taylor Fibre Co. and its MECHANICAL PROPERTIES 
facilities for producing laminated plastics in mechanical, 
electrical and combination grades and parts fabricated from Flexural Strength Compres- izod Impact 


Flatwise Tensile Strength sive Strength Edgewise 
them. At your disposal will be engineering assistance and (psi min.) (psi min.) Strength (ft./in 
integrated operations at both plants—Norristown, Pa., and (pst min notch min.) 


La Verne, Calif. Contact TaAytor Fisre Co.. Norristown Length- Cross- Length Cross- Flat- Length- Cross 
37, Pa., for complete information _ = - = = — we 


17,000 16,000 10,000 8,500 37,000 


TAY I oO R 15,000 14,000 14,000 10,000 35,000 


20,000 19,000 13,500 11,500 37,000 


Laminated Plastics | — 
V u | Cc a n i Z e d F i b re Typical Physical and Mechanical Properties of Taylor Laminated Plas- 


tics used in the fabrication of gears, cams, pinions, pulleys and bearings 
PHENOLIC-MELAMINE-SILICONE-EPOXY LAMINATES COMBINATION LAMINATES COPPER-CLAD LAMINATES ¢ VULCANIZED FIBRE 
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SUPERMENDUR tart wounp cores 


---A Real Breakthrough in Miniaturization 














The successful development of tape wound cores of partially shown above. Complete curves are available in a 
Supermendur represents a giant step in the feld of circuit neu ee Bulletin TC-113, available on request. 
miniaturization and simplification. The unique characteris- Specific advantages of Supermendur cores in toroidal trans- 
ics of this new rectangular-loop core material in the range formers are high operating induction, low core loss, low 
of induction from 16 to 22 kilogausses permit significant exciting current and high perme ty at high induction 

a weight and size reduction of toroidal transformers and In magnetic amplifiers or saturable reactors, they include 
magnetic amplifiers. rectangular hysteresis lo gh saturation induct id 

Supermendur, an oriented cobalt-iron-vanadium alloy, noderate excitation at high induction. Advantages in all 
combines the high saturation flux density of the cobalt-iron uses are: thin tape, small size and low weight. 

. alloys with the desired hysteresis loop rectangularity of the Supermendur is an ideal material for high temperature 
oriented 50% nickel-irons. core components, because of its high Curie temperature. 

Coercive forces substantially lower than those of previ- ca Supermendur is manufacture Arnold under license 
ously available cobalt-iron alloys are obtained. The lower arrangement with the Western Ble Company. We'll be 
ore losses and excitation properties of Supermendur show glad to send you additional information or furnish you 
a decided improvement in high density characteristics com- engineering assistance on any of your tape core applications 
pared with oriented silicon steel, as illustrated by the curves if you'll just drop us a line. 


wsw 7026 


Visit us at the THE ARNOLD in OMPANY 
ne ew Main Office & Plant: Marengo, Illinois 
Repath Pacific Division Plant: 641 East 61st Street, Los Angeles, Calif. 
March 24 through 27 


bi District Sales Offices: 


BOOTH 2201 -2205 Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Blvd. 


New York: 350 Fifth Ave. Washingfon, D.C.: 1001-15th St., N.W. 
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High Temperature MS “E’’-type Connectors 
Real"E” connectors—environmentally resistant MS 
“E”-type construction with an operating tempera- 
ture range from 103°F. to +400°F. and limited 
operation to +500°F. Smaller even than AMPHENOL 
Stub E connectors, REALE’S feature unique Poke 
Home contacts with braze- or crimp-type termina- 
tions that are wired outside the connector body 
and poked home for assembly. By the use of resili- 
ent silicone rubber inserts, full unitized rear grom- 
met and cable clamp, face seals and shell peripheral 
seals, an optimum “E” construction is achieved 

Ideal for high altitude applications under tem- 
perature cycling, REALE connectors have excep- 
tional current conductivity efficiency: 80% at 78°F. 
and 64% at 500°F. 

REALE’S can be truthfully described as the finest 


MS-type connectors now available. 


Smallest, Lightest MS “E”’ Connectors 


STUBE connectors are the shortest, smallest, light- 

est MS “E” connectors available. Fully conforming 

to MIL-C-5015C environmental resistance require- 

ments, STUBE’S are available in MS3100E, MS3101E, ¥2 actual size 

MS3102E and MS3106E shell types; 50 standard MS o 

insert configurations will be available. AMPHENOL 
An outstanding feature of STUBE connectors, 

aside from the significant space-saving, weight- 

saving design, is the fully wnitized rear sealing 

grommet assembly which provides easy—fast as- 

sembly. Solder pockets of the silver-plated contacts 


are pre-filled for instant, low cost soldering. 


IRE .:: 


See us in Booths 2321-2327 


ELECTRICAL MANUFACTURING 





First True Miniature “E” 


MINNIE’S are the first miniature connectors to meet 
“E” performance requirements of MIL- 
C-5015C. Available as 4 shell types in 4 cons 


shell sizes, MINNIE’S have a tes 


15 lt ATC | a 
1500 volts RMS when sealed wi 


-levated 
67 F 
MINNIE connect 


to provide 


ssible face sc 
steel bayonet pins and slot: 
ed rear grommet and cable 


+ 


eals and protects each wire 


sket has individual isolating 


) f 
SUBMinax® 


field serviceable 


No Special Tools for Assembly! 
Field serviceable Subminax connectors, for use 
with RG-196/U Teflon cable, represent a new con- 
in subminiature R components. With all 
, these new con- 
tools. By sim- 
cable clamp 
providing 
maximum cable rete n rength. Two Teflon 


iter 


insulators h¢ 
reventing possible axial 

500 volts peak. 
50 ohm plugs, jacks, bu 

angle plugs are available in screw-on and push-on 


couplings; they mate with the 50 ohm types in the 


Subminax line. 


1958 i fe E 


AMPHENOL ELECTRONICS CORPORATION « CHICAGO 
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1, actual size 


93 SERIES 


Rack & Panel, Poke Home Contacts 


AMPHENOL’s complete line of 93 Series Rack & Panel 
connectors is being supplied for use in a produc- 
tion missile. With 8 varieties of housing available 
for each of 3 insert arrangements, 93 Series con- 
nectors offer unusual application versatility—ver- 
satility which is increased by the removable Poke 
Home contacts. Wire termination is accomplished 
by crimping. 

Voltage rating is 500 volts D.C. at sea level; con- 
tacts are size 20 and have a current rating of 7'% 
amps. Resilient fact seal gaskets are employed on 
both male and female inserts to prevent circuit 
interruption by moisture, dust, dirt or metallic 
particles when the connectors are mated. Operating 
temperature is 400° F., meeting the performance re- 
quirement of MIL-C-8384. 


IRE ..:: 


COLISEUM * 2nd 











Rack & Panel, Poke Home Contacts 


94 Series Rack & Panel connectors with Poke Home 
contacts have polarized impact extruded aluminum 
shells. A complete line, the 94 Series includes 5 
insert configurations in 3 shell sizes; captivated 
contact coaxial connectors for RG-58/U cable are 
in 2 inserts. AMPHENOL’s unique Poke Home contacts 
in sizes 16 and 20 assure ease of assembly and allow 
quick circuit changes 

Voltage rating is 600 volts RMS at sea level. Op- 
erating temperature is +257°F. Hooded socket con- 
tacts resist test prod damage per MIL-C-5015C; 
contact solder pockets are recessed in the diallyl 
phthalate dielectric to exclude the need of addi- 


tional wire covering after contact assembly 
































14 actual size 


AMPHENOL 





























94 SERIES 











Floor * Booths 2321-2327 
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Contact Letters on Glass! 


, AMPHENOL production engineers have achieved a 
remarkable first. Hermetically sealed MS-type re- 
ceptacles with contact identification on the glass 

. insert are now available—and available only from 


AMPHENOL. White lettering is provided on both the 
front and back of the brown glass insert—all letters 
are sharply cut and legible. 

AMPHENOL’s Identoseals thus combine the advan- 
tages of a single compression-sealed glass insert 1/10 actual size 


with quick and easy identification of each contact 











ey are labor-saving to use, both in initial as- 
sembly and in circuit checkouts. 

Identoseals mate with standard MS plugs with 
emale inserts. They are available with round or 


' i 
square flange, or in a flangeless shell 


4 


AMPHENOL Custom Engineering adapts 


> 

o} 

~ 
i 


standard components or designs new 


d applica- 





ponents to special performance a 


losely with 





tion requirements. By worki 
customer engineering personnel, AMPHENOL 
teristics of a new design to an exact appli- 
cation, with resulting tailor-made reliability. 

The 1280 contact Programming Board 
illustrated is an impressive example of 
AMPHENOL Custom Engineering. The per- 
formance requirements in resistance to both 
shock and vibration were so stringent that 


7 } 1} 
no conventional programming Doara could 


plied three 





times along three perpendicular axes. Its 
outstanding design is typical of the resuits 


to be expected from AMPHENOL Custom En- 


gineering. 









AMPHENOL ELECTRONICS CORPORATION + CHICAGO 
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Other products 
chros, motor-gear-trains, resolvers, DC 
servo mechanism assemblies, 
servo torque units, motor tachs, refer- 
ence and tachometer generators, actu- 
ators and motor driven blower and fan 
assemblies. 


motors, 


Engineers For Advanced Projects: 


50 


| 
| 
t 
| 
L 


iG) 


115 400 
115 400 
115 400 
115 300-1800 
115 400 
26 400 
115 400 
115 400 
115 400 
115 60 
115 60 
115 400 
115 400 
115 60 
115 400 
115 | 60 
115 | 60 


include 





servos, 


Lea a Pt) 3) 
(SUPPLY) 


MISSILE QUALIT 


Gear Trains Available 


Complete Line: /- sh Many Types 


Meet MIL-E-5272A ' Dimensions from 15/16” to 2-3/8”. 


NO LOAD Rn Mme 
pete Cn 


GEAR TYPE 
(MED) CURRENT Aad OUTPUT ss 


(RPM) retrr ts INPUT RATIO a taemteael 











10,000 os 035 4.0 0.112 oz. in 2.0 Oz ; 10 A 
at 6000 rpm 8104 02 
11,000 None 08s 7.5 096 oz. ir 3.5 Oz lO A 
(Shaded Pole at 7000 rpm 8101 O01 
12,000 0.1 070 8.0 08 o2. in 4.0 Oz ; 11 A 
Synch at 12,000 rpm 8110 O1 
0.10 oz. in 
10,000 0.5 060 8.0 at 9000 rpm 5.0 O1 1A 
(400 CPS) | (in Parallel (400 CPS (400 CPS (400 CPS | 8223 01 
60 0.1 070 8.0 12 oz. in 7.75 Oz 200:1 11 R 
Synch at 60 rpm 9003 02 
30 2.0 0.35 8.0 14.5 oz. in 5.5 Oz 195:1 11 -R 
Synch ot 30 rpm 9052 O1 
6,000 0.3 0.138 15.6 0.14 oz. in 8 Or IS A 
Synch at 6,000 rpm | 8120 O1 
12,000 0.35 0.148 14.7 0.41 o2. in 8 Oz 18 A 
Synch ot 12,000 rpm | 8125 01 
7600 0.6 0.45 4.5 2.45 o2. in 24 Oz eA 
ot 6800 rpm 8126 O01 
8.5 1.0 0.175 17.5 30 oz. in 20 O: 405:1 1eR } 
ot B rpm 9302 01 | 
60 1.0 0.177 17.8 40 o2. in 20 Oz 565:1 18 R 
ot 5.75 rpm 9302 02 
22,000 1.0 0.75 80.0 1 oz. in 18.5 Oz | 21 A 
at 20,000 rpm 8142 01 
11,800 1.5 0.85 130.0 6.17 o2. in 29 Oz | 24 A 
at 10,800 rpm 8161 01 
} } + } } + , as 
20,000 None 2 175 8.9 oz. in 28 Oz 24 U 
Required at 7,500 rpm 8826 02 
78 4.0 1.65 | 175 1530 oz. in 3 Lbs 1528:1 24 8 
at 72 rpm 9452 02 
14,000 None 1.5 125 15 oz. in 3-3/4 Lbs 34 .U 
Required at 4500 rpm | 8901 02 
} } } } ; + } | 
1,780 3.75 0.45 50 } 12 oz. in | 4-3/4lbs 34-A | 
ot 1700 rpm } 8044 Ol 
4 sills teagan gd Fivssenncirciiibnionnsnenesinkstiiimgsnaiinahsnetenslbicmesteeniaieaisamnta s 





syn- 


e All motors are continuous duty except Type 24-U-8826-02 

e 55 C to +85°C operating temperature range. 

e All motors can be modified to meet your precise specification 

e For faster service, detail requirements when requesting further information. 


MANUFACTURING COMPANY 
oft Your Rotating Equipment Specialist 
Avionic Division 


Racine, Wisconsin 


EASTERN OFFICE 
PROM 


WESTERN OFFICE 

5333 South Sepulveda Bivd. 
Hempstead, 1.!., New York Culver City, California 

a a ee i ee ee ey is ek | 
Pe ed] TWX S. Mon 7671 





Burton Browne Advertising 


Interesting, varied work on designing transistor circuits and servo 
mechanisms. Contact Mr. Robert Burns, Personnel Manager, 
in confidence. 
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, THREE 

; good reasons why 
Cutler-Hammer 511 brakes 
are preferred 

throughout industry 


4 a * 
: j Hii i 


You, too, will find it pays to specify and install 
Cutler-Hammer 511 Solenoid Brakes. Available for 
either A-c or D-c service, Cutler-Hammer 511 Sole- 
noid Brakes are rated from 3 to 125 lbs. ft. torque 
continuous duty and 3 to 160 lbs. ft. torque inter- 
mittent duty. Write today for Bulletin 511 for com- 
plete description, ratings, optional features, and 
dimensions. CUTLER-HAMMER Inc., 1264 St. 
Paul Avenue, Milwaukee 1, Wisconsin. Associate: 


Canadian Cutler-Hammer Ltd., Toronto. 
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[t's an important 


part of your job 
to visit the 1958 


INTERNATIONAL 
AMPHITHEATRE 
CHICAGO 


APRIL 14-17, 1958” ee 



















New ideas are priceless. One new part, component or ma- 





terial can eliminate a bottleneck in your thinking, give you 


a completely fresh approach to a problem. 





The 1958 DESIGN ENGINEERING SHOW teems with 
new ideas, new products, new services... the very latest 
developments from the top inventive minds of America. 


Engineers and technical experts from over 400 leading 





. manufacturers will be on hand to go over your blueprints 





and job specifications with you, answer your questions, ex- 
plain their new product applications, help you solve your 


Talk to the man who engineered it. 
product design and development problems. 


What you ll see: 

Mechanical components 

Electrical and electronic 
components 

Metals 

Non-metallic materials 


Finishes and coatings 
Shapes and forms 










Hydraulic and pneumatic Concurrent A.S.M.E. Conference 
components . 
Power transmission Sponsored by the Machine Design Division. American Society of 
equipment Mechanical Engineers, the 1958 Design Engineering Conference will 
Research and testing be the most important event of the year in your field. Speakers and 
P equipment panel members are top authorities in their subjects. Separate sessions 
Engineering equipment on mechanical, electrical and materials problems allow engineers to 
and services devote their time to areas of primary interest. 





Send for these tickets today! 






asian Clapp & Pollak, Inc., 
Rapid Registration Tickets speed insBes vos bo estend the 







your entry into the Show. Send 
for as many as you need. For 
show tickets and information on 


Conference Registration, write: show tk ist: 
Design Engineering Show 

341 Madison Avenue 

New York 17, N. Y. 
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Now—the first 155°C (Class F) 
magnet wire designed 


Another Anaconda first! Anatherm—a new 
polyester film-coated magnet wire—fully tested 
for use at “hottest-spot’’ temperatures up to 
155°C. With this new higher level of thermal 
stability, Anaconda Anatherm is the first film- 
coated wire to meet the newly adopted AIEE 
155°C (Class F) rating! 

Greater thermal stability—plus excellent 


abrasion-resistance characteristics, chemical 
stability and dielectric strength—makes Ana- 
therm ideally suited for manufacturers seeking 
maximum performance and reliability from 
smaller and smaller equipment operating at 
higher and higher temperatures. 

As a polyester magnet wire, Anatherm can 
be used equally successfully at any hottest-spot 
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. polyester film-coated 
to meet new AIEE requirements 


temperature over the range of 105 } to 155° oe Free Technical Bulletin on Anatherm 
s ; Bess ‘ ‘ Magnet Wire is available. Simply write: 
Available in single and heavy film thickness Anaconda Wire & Cable Company, 


in AWG sizes from 15 through 25. 25 Broadway, New York 4, N. Y 


ASK THE MAN FROM ANACONDA 


ABOUT 
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Need a motor 
impervious 
to destructive 
environment’? 


Call Jack & Heintz—America’s leading specialist in 
Customized motors, !, to 3 hp (18 to 15 hp in submersi- 
ble motors). We'll gladly devote as much time as it takes 
to design a motor that’s impervious to humidity, dust, 
fumes, corrosive liquids or altitude. We'll give you a 
motor that electrically, mechanically and physically fits 
your product and its environment perfectly. 

Customizing electric motors to meet the specific re- 
quirements of original equipment manufacturers is our 
business. Because we're organized that way, costs are 
reasonable. 

In addition to customizing for environment, we can 
increase torque, stretch a motor tall, squat it flat, or 
design-in special ambient temperature rating. We'll make 
a motor cool, flush, submersible, or give it a special finish. 
You name it! 

So go ahead freely! Design your product to do its job. 
We'll fit a motor to it that will make your product 
perform the way you want it to... look as good as it 
should... last as long as you say it will... and sell 
faster because of it. 


FREE! Write for this 24-page booklet. It 
explains when to specify Customized motors, 
shows examples of design variations, illustrates 
case histories of Customized motors for actual 
products. Write: Jack & Heintz, Inc., 17620 
Broadway, Cleveland 1, Ohio. 








Back & HMeinrz. inc. 


cwsTonwri2Z2ceto Ee&uwck&crrico wrorTrors 
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PMN WIAINE “Stray” 
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Ni W A new housing for 


the widely used ‘‘E”’ and “‘V’’ series provides 
Easier Installation...a Better Seal... 
and Better Insulation 


View shown: 






side mounting; 
also available with bottom mounting 
and five different actuator designs. 





This new housing replaces the one for- 


merly used in the ‘‘E”’ and ‘‘V”’ Series 
and is known as the ‘“‘E6” and “V6” 
Series. The new series is interchangeable 
with the old series. 

The new “E6” and ‘‘V6” have these 
outstanding advantages: 

Easier Installation. Terminal 


screws now project from top portion of 
housing instead of being recessed in 
cavity, thereby 
lation. 


a 
making easier instal- 


Improved Insulation. A one-piece 
moulded neoprene insulator-seal, 
cemented into lower portion of housing 
replaces the separate, wrap-around Fi- 
berglas insulator and separate gasket. 


Rugged—-Heavier Walls. The 
new, two piece housing has heavier 
walls—a hex-shaped conduit hub in- 
stead of round. A much cleaner, stronger 
design. 


interchangeable with old 
series. Dimensionally the same as old 
series—same mounting holes, 
width, height and depth. 
fewer parts. 


same 
Compact— 


The two word name “‘ MICRO SWITCH’’ 
is NOT a generic term. It is the name 
of a division of Minneapolis-Honeywell 


Regulator Company. 


MARCH 19 





OLD 
Compare these two cut-away views. Note how terminal screws in 
the new ‘‘E6”’ Series project from the bottom of the top portion of 
the housing; how the insulator and seal are one moulded neoprene 
piece, cemented into the bottom part of the housing. 





NEW 


OLD 


The new series design can be installed in jig-time. 
in which to fumble with a screw-driver, 
jiggling with a separate sealing gasket. 

For complete details of this new series write for Data Sheet No. 145. 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY ‘HH 
17, C FREEPORT, ILLINOIS 


ie iw, Precision, Guritehing 
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No deep cavity 
no fold-in insulator, no 


In Canada, Leaside, T arin | * fonerm | 
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How a change in spring design 
can reduce cost and improve 


FIRST DESIGN 


In the original conception of this switch 
retaining spring, an extension spring 
was formed into a garter spring by in- 
serting a small plug in the form of a 
spring into the two ends. Assembly op- 
eration proved difficult and costly. 


In the redesigned spring, one end is re- 
duced in diameter and inserted into 
other end, eliminating the spring plug 
and providing stronger unit. 


Early consultation with our spring spe- 
cialists, following the determination of 
fundamental performance characteris- 
tics, is often insurance against unneces- 
sarily complicated manufacture. Write 
for pamphlet ‘‘How to solve your spring 
problems.”’ Gives case histories and 
valuable design considerations for vari- 
ous types of springs. 


Associated Spring Corporation 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y 
B-G-R Division, Plymouth and Ann Arbor, Mich 


Seaboard Pacific Division, Gardena, Calif. 
Cleveland Sales Office, Cleveland, Ohio 


Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 
F. N. Manross and Sons Division, Bristol, Conn 


San Francisco Sales Office, Saratoga, Calif. 


Canadian Subsidiary: The Wallace Barnes Co., Ltd., Hamilton, Ontario and Montreal, Quebec 
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General Offices: Bristol, Connecticut 


William D. Gibson Division, Chicago 14, Ill. 
Milwaukee Division, Milwaukee, Wis. 
Dunbar Brothers Division, Bristol, Conn 


Wallace Barnes Steel Division, Bristol, Conn 
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100,000 


EXCEED CLASS “F’” PERFORMANCE 
AT A CLASS “B” PRICE 


with 
eae Westinghouse Modified Silicone 
Varnished Glass Cloth and Tape! 


BT 2758 


Like to upgrade your product at ne 


2 
cost 


You can! Your equipment will operate 
better, longer with an amazing new 
Westinghouse insulation— Modified Sili- 
cone-Resin-Treated Varnished Glass Cloth 
and Tape, Grade TT-9278! ‘‘9278”’ with- 
stands temperatures up to 177°C for ten 
years! It'll hold up even under conditions 
of continuous overload! 

That’s not all— Westinghouse TT-9278's 
oil and solvent resistance far surpasses tI 
of conventional Class ‘‘H’’ materials 
Heated in oil or immersed in toluene for 
48 hours, there’s no evidence of disintegra- 
tion. This new Westinghouse insulation 
approaches Class “‘H’’ Performance 
at a Class *““B”’ price. 

‘*TT-9278” is only one of a Leadership 
Line of some 100 different Westinghouse 
tape and sheet insulation materials, de- 
signed to meet every Class “A,” “B.’ 
“F” or “H” electrical insulating need 

There’s a companion line of Benolite 
varnishes, finishes and enamels, too for 
example, Modified Silicone Varnish 
BT-2758, used in producing “9278.” Why 
not write for your free copy of the 8-page 
Westinghouse Leadership Line Catalog? 
Just fill out and mail the coupon below 
we'll do the rest. J 
New AIEI 


with tsi 


you CAN BE SURE... iF ITS 


Westinghouse 


ia alaalaald 


'So. 


mip | tle 
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» suyeepeeeyy 
Wy 7 


a 


* 


Life (50% retention of Original Dielectric 
Strength) as a function of Operating 
Temperature for Varnished Glass Cloth 


130 140 150 160 
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TOOLED UP AND READY TO RUN 


This means that Tor poate 


‘ , : 
is literally tooled up and ready to rut 

fe 
on pract cally any air impelle? 
requirement wou wma pha ( 
It means also that Torrington chere 
engineers work only On AIYr Moving problems 


/ 


has a tremendous head start i meeting your mos 
difficult and cost-critical specineations foi 
l 


advanced product de elopment 


2 Talk to Tor rington j 


THE TORRINGTON MANUFACTURING COMPANY 


TORRINGTON, CONNECTICUT + VAN NUYS. CALIFORNIA + OAKVILLE. ONTARIO 





60 Circle 138 on page 17 FILECTRICAL MANUFACTURING 














60 Circle 138 on page 17 FLECTRICAL MANUFACTURING 


THE WORLD’S FIRST CARD-OPERATED MILL, 


PROMISES YOU BETTER STEEL—AUTOMATICALLY 
















HIGHER QUALITY 


MORE 
UNIFORM SIZE 








BETTER 
PHYSICAL PROPERTIES P . 
NEW punch-card control system, recently installed on the 56” uni- 
cael roughing mill at Allegheny Ludlum's Brackenridge, Pa 
plant, is advancing mill standards of quality control 
Here's how it works: Allegheny Ludlum rolling experts predetermine 
optimum rolling procedures for the type of steel desired and translate 
this data into punches on an IBM card. These punches represent the 
proper screwdown settings, mi speed and nur iber of passes. When the Ciaracel Tlechar eneineres: 
mill schedule calls for it, the mill operator in the pulpit simply selects AL personnel, developed « 1st 
the proper card, inserts it into the card reader, and he is ready to roll trol systems which regulate the mill 
As the operator makes each pass, the mill is automatically adjusted for 7 , 
each additional pass required. The rolled material is held uniformly to 


desired dir 


constant p 


lensions, and day in iy Out oves to have better, more 


iysical properties 


It's easy to see how this kind of progress fits into your interest in 


consistent high quality. By performing rolling operations exactly the 


same way time after time, this new unit further assures Allegheny 
Ludlum customers that they are getting the best possible product 
from the industry's pioneer producer 

Let us talk over your requirements with you. Write us, or call the 


Allegheny Ludlum sales office nearest you, and an AL sales engineer will 


help you with anv problem. Allegheny Ludlum Steel Corporation, 
ie ee are 4, ! . ; 
Oliver Building, Pittsburgh 22, Pennsylvanta. 





Better quality, more uniform steel is the result 


wsSw 6626 


PIONEERING on the Horizons of Steel 


Allegheny Ludlum 


Circle 139 on page 17 FLEE ICA 





WN 


02 





LONGER SOLENOID LIFE... 


with NAMCO'S exclusive "HARDMETAL"- welded 
plunger bonding 


itandard or Custom Models 


To Fit Your Design 


r.. 


**Hard Metal’’-welded plunger bond- Plate 
Bonding 


Non- 
Magnet 


Retainer 


ing prevents mushrooming at the 
vital point of impact— withstands 
incessant pounding of the plunger on 


the frame. Long plunger life, and 
; ee : ‘ Plunger 
thus long solenoid life, is further in- sien 


sured by hard chrome plating upper Welded At 


point of Impact 


\ 


guide edges of plunger laminations 


to reduce friction and wear. 


Namco standard solenoids are 
available in six series of pull and 
push type; custom-engineered sole- 
noids in every size and type can be 


made to meet your specifications 


Standard "'HardMetal''-Welded Solenoids are fur- 
nished push or pull type in sizes with ratings from 
2-1/2to 21 pounds at 1/2” stroke and from 2to 
25 pounds at 1” stroke. 


<— Saddle stop applied to 
Series K200 standard Namco 
push type solenoid. 

To meet specific job re- —> 
quirements, solenoids of spe- 
cial shapes and sizes are de- 
signed and built through co- 
operation of our engineers 
with yours. 


ELECTRICAL MANUFACTURING DIVISION 


National Acme 


THE NATIONAL ACME COMPANY, 176 EAST 131ST STREET, CLEVELAND 8, OHIO 
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IN DIRECT RECORDING SYSTEMS ... 


only—Srush gives | 






When you need precise, permanently visible measure- 
ments of electrical or physical phenomena, make your 
logical choice of equipment from the newest Brush 
designs in ultralinear recording systems. For your spe- 


cific application, now choose .. . 


The writing method! Because different problems 
demand different writing methods, Brush gives you 


ee 


Fel lE®le@® 


. Sec 2ee*e@* 





your choice ... ink .. . electric . . . thermal writing. 


The readout method! Brush offers curvilinear 
and rectilinear readout. Both methods produce ultra- 
linear traces—clear . . 


. Sharp .. . easy to read. 


The chart speed! Choose from the widest selec- 
tion of chart speeds available, ranging from 10’’/sec. 
to 10’'/day, providing optimum resolution on all 












you freedom of choice 


signals. Electrically controlled chart drive transmis- 
sions permit instantaneous switching on the spot or 
by remote control. 


New functionally designed control panels are clean, 
legible, easy to understand. All components are read- 
ily accessible for fast inspection and simple adjust- 
ment. The most comprehensive operating manuals in 


the industry are included with every Brush product. 






Call your nearest Brush factory branch or representative 
for complete assistance in making your logical choice. 


If you prefer, write Brush about your requirements. 


-brush INSTRUMENTS 


3405 PERKINS AVENUE CLEVITE CLEVELAND 14, OHIO 





HIGH-PLUS OR LOW-MINUS TEMPERATURES 


CAN'T TROUBLE HEINEMANN CIRCUIT BREAKER RATINGS 





set trip points never vary with ambient conditions 


The current rating. minimum and must-trip points 


graphs. or mathematical computations. Nothing 
of a Heinemann circuit breaker 


are accurate. left to chance. 
reliable and always constant values. They never Heinemann circuit breakers are available to 
require compensation for ambient heat or cold. 

The reason why is a simple one: hydraulic- 
magnetic actuation. 


your specs in just about any permanent rating you 
want between 0.010 and 100 amperes. With a 


choice of time-delay characteristics, too. 
The Heinemann hydraulic-magnetic circuit 


breaker measures the actual amount of current 
passing through the sensing coil. Not the heat 


generated by that current, but the current, or Full information is clearly 
‘ ip doere presented in The Circuit 
amperage, itself. Breaker Engineering Guide, 

That’s why the Heinemann circuit breaker will punetinSo1.Sondtersenpy. 


always carry full, rated capacity . . . will always 
trip as specified. No need for de-rating tables, 





ELECTRIC COMPANY 


99 Plum Street, Trenton 2, N. J. 


ul breaktd > 
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The SCOTCH No. 6 Electrical Acetate Film 








Tape in this < 
costs % of a penny. (= 
The relay must last 25 years minimum. 
Annual insulation cost: 3/1005! 


Can you afford less than 


SCOTCH 


Brand Electrical Tapes? 









For complete information on the full line of “Scotcn’”’ SEE US at the IRE Show— 
Brand Acetate Film Tapes, just write on your letterhead Booth 3901—for your electri- 
to 3M Co., St. Paul 6, Minn., Dept. BY-38. cal insulation requirements. 


Tapes * ceramics * resins + plastics + tubings * varnishes * mica + varnished constructions + rigid and flexible laminates. 


aN 
Wiienesora JYfinine ano JJAnuracturinG COMPANY la Sy 
«+ - WHERE RESEARCH IS THE KEY TO TOMORROW XS 
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for cost-conscious manufacturers ... 


4 new solutions to timing problems 


Over the years, Cramer engineering 
and manufacturing skill has built an 
unequalled reputation for quality in 
timers and timing motors. Today, the 
same skill .. . plus cost-cutting inno- 
vations in production methods 

brings you four new units with the 
same outstanding quality at substan- 
tial price savings. Ask for prices, get 
the detailed specifications, and you'll 
see that Cramer quality means econ- 
omy now — not just in the long run. 


Cramer Controls Corporation 
Box 8, Centerbrook, Connecticut 


New Interval timer 





TYPE 271 


Cramer Type 271 is a compact, man- 
ually-set timer for “on” and “off” con- 
trol of a wide variety of equipment... 
such as driers, ovens, photographic 
apparatus, battery charges, and various 
types of production machinery. Turn- 
ing the dial pointer clockwise to the 
desired setting transfers the load 
switch, starts the motor and initiates 
timing. The pointer then indicates tim 
ing progress as it moves back toward 
zero. At the end of the set time, the 
load switch transfers to its first condi- 
tion, and the motor stops 

TIME RANGES: 11 standard ranges, from 


45 seconds to 24 hours. 


LOAD SWITCHES: | or 2, as required; spp! 


open blade. 


CONTACT RATING: 30 amps resistive load, 
or hp. motor load, at 115v a.c. 


TIMING ACCURACY: within '2 of 1° of 
full scale time. 


CONSTRUCTION: rugged, industrial design, 
using heavy-duty components. 


POWER REQUIREMENTS: standard a.c. (50 


and 60 cycle) and b.c. voltages. 


MOUNTING: 2-hole face mounted, or single 
center hole. 


WRITE FOR BULLETIN PB-271 


New Cycling timer 





TYPE 571 


Cramer Type 571 provides reliable and 
inexpensive repetitive switching, or 
programming, in a wide variety of 
built-in applications .. . such as vend- 
ing machines, displays, domestic ap- 
pliances, production or process equip- 
ment, and many others. The timer 
starts when power is applied. stops if 
power is interrupted, and resumes 
cycling at the same point when power 
is restored. It can be wired for single 
cycle and stop operation, or for con- 
tinuous cycling. During each cycle, 1 
to 4 load switches are actuated. at 
times and for durations determined by 
cams Cut to the user’s specifications. 


SPEEDS: I& standard speeds, from | rpm 
to Vs rpd. 


LOAD SWITCHES: | to 4 as required: sps1 
or SPDT, open blade 


CONTACT RATING: 30) amps resistive load, 


or '3 hp. motor load, at 115v a.¢ 

CAMS: precision-cut to user's program 
ming requirements, locked to square 
shaft that eliminates slippage 

TIMING ACCURACY: within | of full 
cycle at each operating point 
CONSTRUCTION: rugged, industrial design, 


using heavy-duty components 


POWER REQUIREMENTS: standard a (SO 
ind 60 cycle) and p.c. voltages 


MOUNTING: 2-hole face mounted, or single 


center hole 


WRITE FOR BULLETIN PB-57]1 


WHEN TIME IS YOUR PROBLEM, CALL CRAMER 


CRAMER CONTROLS 





CORPORATION 


Circle 144 on page 17 


2 new timing motors 







TYPE 117M 


TYPE 117N 


Cramer Type 117M and Type 117N 
are unequalled examples of perform- 
ance-plus-economy in permanent-mag- 
net synchronous timing motors. Deliv- 
ering a full 30 in. oz. torque at | rpm, 
these powerful, accurate, reliable mo 
tors incorporate all of the engineering 
advances that have made Cramer the 
first choice of designers who put qual 
ity first. And their low cost is fast mak 
ing them the first choice of large vol 
ume manufacturers who must put 
economy first. With standard gear train 
(Type 117M) or space-saving round 
gear train (Type 117N), a great range 
of standard speeds, and enough torque 
to handle the heaviest loads without 
extra linkages, they are ideal for appli- 
vending animated 
displays, timers, recorders, instrument 
drives, and many other applications. 


ances. machines 


SPEEDS: Type 117M-—60 rpm to rpd 
Type 117N—60 rpm to 1/12 rpm. Special 
speeds available on order 

TORQUE: 30 in. 07. at | rpm 

GEAR TRAIN: full) 
hobbed throughout 
OUTPUT SHAFT: stainless steel, selected to 
order from many standard or specia 
forms available 


enclosed, precision 


ROTOR: permanent magnet, with bronze 
oilite bearings and permanent lubricatior 
low rotor speed permits wide range of out 
put speeds 

ROTATION: right, left, or dual (oscillating 
patented “No-Back” mechanism: synchro 
nous speed reached within powerline 
cycles 

FRICTION: |I-way in rotation direction, or 
+ 

2-way. 

TEMPERATURE RISE: 35 °C. 

AMBIENT TEMPERATURE ‘iF to --131°3 
RATINGS: | 15v and 220v, 60 and 50 cycles 


WRITE FOR BULLETIN PB-117 
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These shielded co ‘ the utmost in reliability due to their u 

design and construction mensions when mounted, including ter 
} met zt *; LS-11, '%e" 

E 


or pie-type windin 


Reliability — under any condition! 


Cambion 
forms are highly shock resis 


mechanically enclosed, complet 


shielded coil winding, they bring 1 
ruggedness and dependable perform- 
ance you require for your “tight spot” 
applications IF strips, RF co 
yscillator coils, et« 

Cambridge Thermionic Corporat 
combines qualit ontre with gu 
production to supply exactly the com- 
ponents you need, in any amount. Our 
quality control includes material certifi- 
cation, checking each ste p oO. produc - 
tion, and finished product. And 
Cambion quantity production means we 


can fill your orders for any volume, CAMBRIDGE THERMIONIC CORPORATION 


from smallest to largest. i 


Any Cambion coil form may be wound / I V / 1D ec . 
to your specifications in any desired ; / © { J 
quantity. For samples, specifications a Vg A l \ 

and prices, write to Sales Engineering —_ 


Dept., Cambridge Thermionic Corpo- Makers of guaranteed electronic components, custom or standard 


See Cambion Guaranteed Components on Display at Booth 2219, IRE Show, New York Coliseum, March 24-28 
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POLYPHASE DRIP-PROOF INTEGRALS 
1 TO 800 HP 


POLYPHASE JET PUMP MOTORS 
Pe | 





f fm, 


Ae 


POLYPHASE FRACTIONALS 13 to 1 HP 
MM 


nent 
tt. 


TEFC and EXPLOSION-PROOF POLYPHASE 
INTEGRALS 1 to 500 HP 


~*~ a ge 
as — 


- 


. 


Through research 


. 


CLOSE-COUPLED POLYPHASE PUMP 
MOTORS 1 to 150 HP 


VERTICAL HOLLOW SHAFT POLYPHASE 
% INTEGRALS 1 to 700 HP 


i 
VERTICAL SOLID SHAFT POLYPHASE 
INTEGRALS | to 800 HP 


YOURS from the case 
of the A. O. Smith 
motor man 


Here’s what amounts to “super- 
narket” variety — eight basic types 
of polyphase motors, each available 
in a wide range of sizes and with 
practically any electrical or mechan- 
ical modification needed 

But in addition to wide choice 
that helps you get the motor best 
suited for your application, you get 
scores of quality features that pay 


‘ 


off in uninterrupted service, longer 
operating life, lower maintenance 
cost. Every motor is designed to 
offer ample protection against tem- 
porary overloads or voltage drops 
You get balanced insulation to afford 
maximum protection against phase- 
to-phase or phase-to-ground break- 
downs during amp surges. 

All the engineering assistance you 
want or need is available for design- 
ing a motor into your product or 
applying standard models. What’s 
more, many models are available 
from stock, in both old and current 
NI A frame sizes. 

For complete details, contact your 
A. O. Smith motor man or write 
direct 
GEARMOTORS 1 to 25 HP are also available 
with electrical or mechanical modifications 


to meet your specific requirements 


...a better way 


C O 8:9 @ 2a 1 tiO N 


ELECTRIC MOTORS 


Tipp City, Ohio 


A. 0. Smith International S. A., Milwaukee 1, Wisconsin, U.S.A. 
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WILCOLATOR SERIES G 
REMOTE BULB THERMOSTATS 
FIT EVERY HEATING 
AND COOLING APPLICATION 


TYPES Gi AND G2 


Single-pole thermostat for heating and cooling applications. 
Improved, snap-action, vibration-proof control mechanism per- 
mits much higher ratings than previously available in such a 
compact unit (234 x 1°4 x 1% in.). Designed for heavy duty 
appliances and medium industrial requirements. Type G1 has 
positive “Off”? position (heater load). Type G2 available with 


“Constant Cool” position (cooler load). Pilot light. dial or 
j Improved snap-action switch 
pointer, chrome bezel, terminal cover optional. for higher contact ratings. 


Contact Rating: (Type G1) 30 amp,125 and 250 volts a-c noninductive load 





Motor Ratings: (Type G2) 120 to 240 volts a-c; running current—14 amp; locked rotor—60 amp 
Temp. Range*: OF min.; 585°F max. 


*Special temperature ranges can be furnished to meet your requirements 





ELECTRICAL MANUFACTURIN 
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TYPES G1-A AND G2-A TYPE G4 















Compact, low-cost single-pole thermostat for New double-pole thermostat for heater appli- 
both heating and cooling applications. Built- cations Eextremelh Sensitive thermal re- 
In switch cam operated by the dial shaft sponse. Snap-action contacts are not affected 
makes it possible to control several circuits bv vibration. Positive Off’? position. De- 
with a single dial and to disconnect more signed especially for applications where spac¢ 
than one line when dial is in ‘“‘Off”’ position is limited, but where high capacity is needed 
Permits single-dial control of ‘“‘Bake”’ and Only 2x 3 x 1% in. Standard and custor 
“Broil” circuits on electric ranges, On au dials. chrome bezels byte ( DO ( 
conditioners provides “Off,” “Fan Only” o1 knob it ( 
Fan and Cooling.” Vibration-proof contact plate. Screw-type. AMP 
- echanism. Only 23 x 254 x 17 in. 
: hy Contact Rating 
5 amp, 125 and 250 
Contact Rating a-c noninductive load 
. ny 
(Type GI-A) 30 amp, Temp. Range 
25 and 250 volts a-c O°F min.; 585 F max. 
noninductive load co 
gon Se 
e - isd 
\ - 
Motor Ratings Fs: 
(Type G2-A) 120 to | 
240 volts a-c; running 
current—14 amp; locked , A 
rn f 
rotor—60 amp = 
_ Zz 
Temp. Range” 2 
OF min.; 585 F max. a 
C | 
~ Hh! Lo + \} 
a wv 
3 CRB RE RE AERIAL R 
TYPE G4-A 
~, ( | e (34 TI uv ‘ - 1 
Pe = LIS¢ oll heater on re ed re | f 
i ( ers. Other « ( . ke 
Contact Rating: 25 amp, 125 and 250 volts a-c noninductive load 
Temp. Range*: OF min.; 585 °F max. 
al temperature range an be furnished to meet your requirements . 
WILCOLATOR SERIES G THERMOSTAT APPLICATIONS 
° ELECTRIC RANGES « ROOM COOLERS « AIR CONDITIONERS « CLOTHES DRYERS e SPACE 


HEATERS « ROLL WARMERS + ROASTERS « FRYERS « STEAM TABLES « WARMING OVENS 

RANGETTE OVENS + WATER HEATERS « BAKE OVENS, ETC. © STOCK WATER HEATERS 

RESTAURANT APPLIANCES © VENDING EQUIPMENT + PACKAGING MACHINERY « PHOTO 
DRYERS « BLUEPRINT MACHINERY « ETC. 


ALL WILCOLATOR THERMOSTATS ARE UL LISTED AND APPROVED 


For more information, write 
J 
THE if The Wilcolator Company, 1001 Newark Ave., Elizabeth, N.u. 


In Canada: Wilcolator (Canada) Ltd., 221 Evans Avenue, Toronto 14, Ont. 
COMPANY 





Export Address: Wilcolator, 1010 Schaff Bidg., 1505 Race St., Philadelphia 2, Pa 
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Components miniaturized wit 
provide high thermal and electrical ratings 


MINIATURE COILS pack more power into a 
tiny space, due to the outstanding dielectric 


and thermal properties of TEFLON resins 








(Coils made with TEFLON 
resins manufactured by Tur-Bo Jet Products, 


San Gabriel, California.) 


TFE-fluorocarbon 


Subminiature terminals speed electronics assembly 


STAND-OFF AND FEED-THROUGH TER- 
MINALS Suitable for subminiature com- 


ponents are now made possible by 
Du Pont TEFLON TFE-fluorocarbon 
resins. The new terminals are rapidly 
installed by pushing them into place 
with a simple “corking” motion. A 


manufacturer of IF amplifiers for 
guided missiles found these terminals 
much more immune to damage from 
shock and vibration than the glass-insu- 
lated terminals they replaced. (Termi- 
nals manufactured by Tri-Point Plas- 


tics, Inc., Albertson, L. I., New York.) 
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h TEFLON 


fluorocarbon resin 


The problem of getting more ampere 
turns into a winding without increasing 
its size is solved by the use of TEFLON 
TFE resins. Now, submmiature coils 
can be built for continuous, efficient op- 
eration at —68° to 260°C. using ex- 
tremely fine-gauge wire insulated with a 
TEFLON resin. These resins remain 
tough and non-brittle even in contact 
with low-boiling liquefied gases. As for 
dielectric strength, they are rated for 
500 to 4000 volts per mil, depending 
on thickness. 

In addition, TEFLON resins have coil 
processing advantages possessed by no 
other resin. The coils shown are baked 
out at 300° C. under vacuum, assuring 
thorough de-gassing to maximum oper- 
ating temperature. Varnishes, adhesives 
and other gas-producing materials are 
eliminated, reducing contamination of 
relay contacts. Since TEFLON resins 
have practically zero moisture absorp- 
tion, their dimensions and dielectric 
constant are stable in service. Virtually 
no chemical affects these resins, and 
they will not react with coil metals. 

If you require smaller components 
with no sacrifice in performance or 
power, why not see what these resins 
can do? Every designer and engineer 
should know the facts on TEFLON resins 
as dielectrics. 


Write to: E. I. du Pont de Nemours 
& Co. (Inc.), Polychemicals Depart- 
ment, Room 143, Du Pont Building, ° Fr 
W ilmington 98, Delaware. In Canada: 
Du Pont ¢ ompany of Canada (1956) 
Ltd., P.O. Box 660, Montreal, Quebec. , 


TEFLON’ 
is a registered trademark . 
TEFLON 1S Du Pont’s registered trade- 
mark for its fluorocarbon resins, includ- 


ing the TFE (tetrafluoroethylene) resins 
discussed herein. 
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EVEN DA VINCI’S DESIGN FOR A PUMP COULD HAVE 
BEEN BETTER WITH HELP FROM AN &S))<!|F ENGINEER. 


An engineer never tends to favor one or two types of bear ngs in nis recommenaa- 
saa Nhat ie be oil Natal aaa aig 1 ee 
ns. That's because makes all four types of ball and roller bearinas in over 3,000 


2 


sizes. This gives our engineers the kind of flexibility they need to keep an open mind 
e 


on any bearings problem. Give your problem to us and see 





SRF INOUSTRIES. INC... PHILADELPHIA 32 


Se ates a eC we ee OCR Ow eel ele Rie en ek S06 ew OR eRe OS 8 OOS oe O16) Oe 2 O18 6.0.4 6. He 6 OR 6.4: 0 8 t0 89 088 Oe OE 6 He ee Cee ees 
REG. U.S. PAT 


MAKCH 195 Circle 305 on page 17 Circle 150 on page 17> 






VT Variable Transformers 


Continuously adjustable auto- 
transformers. Unique Ohmite 
features for reliable service. 


- 
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Tap Switches Resistors 
Ceramic insulated selector switches in many sizes 


for AC use up to 100 amperes. Single or tandem. 





Vitreous enameled power resistors in 
tremendous variety of types and sizes. 












Relays 
Compact relays in many 
types. For AC or DC. Power- 
handling and multiple cir- 
cuit varieties. 


Onamirt 


— cee 


The main ultramodern Ohmite plant contains 
170,000 square feet and 
completely air conditioned plants in the Midwest. 


is one of the largest 


Manufacturing areas, laboratories, warehousing, and 
offices are housed in one efficiently integrated design, 
thus keeping all phases of production under direct 
control for service and quality. 











R. F. Chokes 
Radio-frequency chokes in 
many sizes for 3 to 520 
megacycle applications. 
Single-layer wound. 


1 ed and other wire-wound close tolerance re- 
sistors. Unique Ohmite Metal Film precision resistors. 
cm 3 





Resistors al E wy CATA LO G 


Rheostats and Engineering Manual 
Tap Switches iain intonation on Ohmite Resturs, Thatta 
Relays : = Chokes ay ee i ga aa 
Tantelae ete ‘ahita: Cin Got icaatios? sa 
Capacitors ee ORE 






Variable 
Write on company letterhead for 
Transformers your personalized copy. 






OHMITE MANUFACTURING COMPANY 
R. F. Chokes 


3637 Howard Street, Skokie, Illinois 







Tantalum Capacitors 
Sub-miniature wire-type in 
several styles. Several sizes 
of foil-type. High perform- 
ance in minimum space. 





——“ Rheostats 


Complete range of vitreous- 
enameled close control power 
rheostat-potentiometers. 
Single or tandem. Many 
additional features. 









Phoenix 4-Step Service can be of 
invaluable assistance in helping 
you utilize rubber to develop a 
better end product. Compounding 
and fabricating rubber has been a 
Phoenix specialty for 25 years. 
This concentration enables 
Phoenix to develop natural and 
synthetic rubber compounds to 
solve a variety of product design 
problems involving such factors 
as high and low temperature, 
abrasion, weather, load, torque, 
corrosive fluids and bonding to 
other materials. You can confi- 
dently put your rubber problem 
to Phoenix for an imaginative and 
thoroughly satisfactory solution! 


Leading Manufacturers 
of Custom Molded 
Mechanical Rubber 
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STEP 1—ANALYSIS Phoenix studies the part 
to determine which will be the most suit- 
able rubber compound. 


STEP 3—COMPOUNDING Then Phoenix 
compounds and 
natural or synthetic rubber. 


most suitable 


Integrated Manufacturing Facilities: 


Circle 151 on page 17 


jf 


4-STEP 
SERVICE — 





STEP 2—DESIGN Phoenix assists in design- 


ing the part to perform the function in- 
tended at an acceptable cost 





STEP 4—MANUFACTURE Modern equipment 


and exacting production control assure fast, 
accurate molding. 


RUBBER PRODUCTS DIVISION 
PHOENIX MANUFACTURING COMPANY 


JOLIET, ILL. e FOUNDED 1882 





RUBBER PRODUCTS DIVISION, FLANGE AND FORGING 
DIVISION, STEEL MILL DIVISION, STEEL BUILDING PRODUCTS DIVISION, HORSESHOE PRODUCTS DIVISION 


ELECTRICAL MANLFACTURING 


" 
at 

















additional features. 





CLAD CONTACT TAPE ASSEMBLIES 


GENERAL PLATE 
Anticipates 
Tomorrow’s Contact Problems 


‘TY : 
We coda Today 


SERRATED BACKING FOR IMPROVED WELDING 








SPECIAL PROJECTION BUTTON CONTACTS 


\ —o—— SILVER 


————— BASE METAL 





——————_ CONTACT MATERIAL 


-—————— COPPER 





—a—— SILVER 


—————— BASE METAL 








SINGLE TOP-LAY STRIP STOCK (TOP) and performance standards often | bsolete quickly. General 
DOUBLE INLAY STRIP STOCK (BOTTOM) Deus tu takd ena exange tpenheatpeaiehind weeacaytbgenaincane: Abels! 2 


There are man rial re 
n commer pr Ge re are alw 
new € YT r ‘ ypmer 
Here are a few ro- 
juction at General Plate 
sade Ah itcaad bi scnate Lac Clad Electrical Contact Tapes ”: e 
nizea assembD 1d€ ior mir reased er 


lormance at reauced ¢ 


New Metal Bonding Processes ffer improved contact materia 
platinum group 3 a 1] 
New Clad Button Projection lesigned and produced to meet your 


specif applica n requl 


et we ror r ver 





e pette 


Single and Double Inlay-Overlay-Top-Lay ide by G.I 
. Sf — new exclusive P.T. cladding process eves permanent bond- 
a— PRECIOUS MET 


‘ Trimetal Clad Projection Welding Contacts 1 copper conductor 

4 between contact face and backing pr es higher specific heat 

AL aw f aj vith lower surface temperature gives greater contact capacity 
and ionger ile at ver t 

> With 42 vears of General Plate meta 4 ng experience guiding 

the emp! isis noW being putonG P. electrical contacts, it will pay 

you t investigate Technica lata Dulletl! ire available or — 

\ quest let us know what types of contact 1 are interested in 








ruc rostmcae | METALS & CONTROLS {*|CORPORATION 


General Plate Division 1903 Fore 


+ oF 


St Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK ®* CHICA * DETROIT * INDIANAF 


Circle 379 on page 17 
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Circle 151 on page 17 ELECTRICAL MANLFACTURIN 
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Here’s what 


KLIXON 


Inherent Overheat 
Motor Protection 
Gives You 


@ ELIMINATION OF MOTOR BURNOUTS 


@ MAXIMUM OUTPUT OF MOTOR UNDER ANY 
OVERLOAD 


@ MINIMUM MOTOR REPAIR AND REPLACEMENT 


@ SIMPLIFIED MOTOR CONTROLS 


@ LEAST PRODUCTION DOWN TIME 


What you expect is not always what you get 
with conventional motor protection. But with 
KLIXON inherent overheat motor protection 
you get a matched combination of motor and 
protector — either single phase or three phase 

tested and installed by the motor manu- 
facturer. 


You know you're getting the best possible pro- 
tection against overheated motors caused by: 


METALS «CONTROLS 


Spencer Thermostat Division 


Do you get 
what you expect 


from motor protection? 


Typical KLIXON 3 phase protec- 
tor for 220-440 volt motors from 
2 to 7 hp. 


PROLONGED OVERLOADS 

STALLING 

FAILURE TO START 

LACK OF VENTILATION 

INCREASE IN AMBIENT TEMPERATURES 

PLUGGING OR REVERSING DUTY 

UNBALANCED VOLTAGE 
Today more and more manufacturers are 
using motors protected with KLIXON Inherent 
Overheat Protectors. 
Be sure you get everything you expect from 
motor protection too specify KLIXON pro- 
tectors when you order motors. For full in- 
formation, check with your motor suppliers 
district office or write us. 


CORPORATION 


3603 Forest Street, Attleboro, Mass. 


KLixoN 


Circle 380 on page 17 








ELECTRICAL MANLEA 





Circle 379 on page 17 


Electrical 
Manufacturing 
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The Electromechanical Designer 


SOME EIGHT YEARS AGO. In a talk betore a 
innual Al} Machine Pool Klectrical Cor 
ference. the concept of the electromechanical 
design engineer was advanced by the under- 
machine designers had 


signed Praditionally. 


been mee hanical engineers But it was obvious 
that as machine tool design became increas 
electrically. it would be neces 


I\ comple \ 


sal { have in electromechanical enginee! 
vuide the over-all design program. At that 
time such a hybrid engineer was hard to fina 


was therefore. made to the 


present that they coul 


bevond the ircult diagrams to the over-all 


electrical engineers 
idvance themselves professionally by 


lesign of the machine. includine of course all 


; } 


of its mechanical aspects It was our bet the 
that the EE’s 


knowledge faster than the ME’s could master 


could pick up mechanical desig 


the intricacies of electrical circuit design. It 
pinion that many ME’s. particularly 


chiets. were afraid to tackle electric 


Wa= OUT 
the older 
design problems 

In fact. by 1950 most of the machinery 
builders had already taken the first step by 
electrical design 


starting one-mar depart- 


ments. drawing their talent from the ranks 
of electrical control engineers employed by 
Many of the men in the AIEE audi 
ence fell into that category, 


For the 


broadened himself into an electromechanical. 


vendors 


smart electrical engineer wh 
the prediction has largely come true. Many 
such men now bear the title of Chief Engineer. 


And where the 


trical design. the 


function is still strictly elee- 
pioneer KE now heads a 


departme nt of same dozen or more engines rs 


plus an electrical production group which 
builds the control} panels on a do-it-voursel! 
basis 


In the span of eight vears the electrical 


control problems have become vastly more 
complex. but so have the associated mechani- 
“Automatic 


ceeded from the simple open-loop type. of 


cal problems. As Control” p1 


positioning control. typified by limit switches 





and on-off SOLET a ope ited hydraulic Valves 


t advanced tvpes of servos. the mechanica 


elements have become increasingly important 
factors in the stability f the sVvsten Phe 
simplest analog sa hypothetical room ve 
lation svsten o motor-actuated 

low posit er governed i room the 

stat. If the svste st work. the window ha 
better be fitted t slide freelv. Otherwise 
»-hp motor would be required and the wi 
dow would stick ind slip aiternatetly 
ompilete state t dither. On a servo-conts led 
machine li . KEW Is¢ the stick-slip 
stiction phenomenor =< encountered. plus 
effects of backlash in gearing. stretch in leac 
screws and elasticity in structural members 
also effects I nertia Machines have to be 
designed from scratch to function prope 


with the advanced types of numerical 


trois, Experier e has shown that simply ap 
plying such controls to a machine of 

' | 
ventional mecha! il design leads to all kinds 


of trouble 
As a result. we have servo engineers Doas! 


ing that they can do a better over-all jol 


machine design than the machinery builde 
Like as not. servo engineers mav have had 


some experience with gun fire control con 
puters which began from strictly mechanic: 
analog computers. They are already familia 
with the backlash problem in gear trains and 
have had to watch out for inertia and _ fri 


tion effects. The EI 
had better 


turned chief enginee 
inform himself on such des 
parameters or we will see him hiring 
handle such critical problems 

On the other side 
have begun to hire computer engineers and 
men with strong 
But it will take i 


( hank al engineer! 


Frank Q) . 


Editor 
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Switching Reactors Combine 
Control Logic and Power Switching 


Standardized switching reactors with multiple control windings present a 


“short 


cut to static control of industrial equipment by operating motor contractors and 


valve solenoids directly in response to pushbutton and limit-switch signals without 


additional amplifiers or specialized power supplies. 


EDGAR V. WEIR. Staff Consultant 
CONTROL. A DIVISION OF Macnetics. Ine. 
Butler, Pennsylvania 


THE DIRECT SIMPLICITY OF SWITCHING REACTORS offers a 
short cut to static control of industrial equipment that is 
often overlooked. By means of switching reactors the 
advantages of static control can be extended economically 
to applications requiring only a few relays. where the 
amount of control logic associated with each termination 
load may not be sufficient to justify—cost-and-complexity 
wise—other approaches to static control. 


Static control means the accomplishment of control 


switching operations through impedance changes rather 





than by means of contacts on relavs and other mechan 
ically operated devices. In any svstem there must be a 
termination switching device which actually turns on 
and off the power to the solenoid valve. magnetic clutch, 
annunciator indicator or alarm. motor contactor. or other 
load. In static control systems. the termination switel 
ing device is generally a magnetic amplifier which follows 
the dictates of control Inputs to at. (To employ a relay 
at this point for anything short of main motor contactor 
or other extremely heavy loads would be defeating o1 
of the main purpose of static control.) 

This magnetic amplifier. is. in some systems. mere 
a switching device which performs solely that function 


and requires additional magnetic amplifier type devices 


Fig. 1—One of a series of standardized switching 
reactors with five logic control windings 
for switching a-c or d-c loads. Toroidal Orthonol 
cores give power switching ratios of greater than 
10.000 to 1 for control increments of 20 ma. Re- 
actors operate directly from standard line voltages 
and are available in ratings ranging from 15 to 
300 va. Unit is potted in thermosetting compound 
in cold-rolled steel can; insulation is rated 1000 
volts rms winding-to-winding and winding-to-case ; 
minimum insulation resistance 1000 megohms. Pre- 
ferred industrial dictated 
terminals, terminal strips with creepage barriers 
and flanges for panel mounting. 


practice screw-ty pe 
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to do the system lowr r thinkin { it. These lo Fig. 2—Basie transfer character- 
} stics swi y -acto “On™ 
components are small. low-level devices. Otten. an ad iste of witching reactor. - 
| “ee or “off” state is determined by to 
ditional magnetic implifier must be employed to a algebraic sum of combined control 
is a preamplier to build up the weak direction signa and bias inputs. One unit of control ii! 
to the level quired to drive the main magnetic amp! corresponds to 26/ma in any one i 
her. With this approach. using the single purpose termina- control winding i 
tion amplhier and the necessarily associated loge ‘ fect 
ponents. combinations of units are required to solve 
even the simplest) control problem Considering thts ’ 
compounding of units. the special power supplies which 
become ed ind special equipment whit h is 
son ises required for working from normal contr ; > 
jitages, we end ip With solutions which are imp! ictical 
lor certain tvpes of applications because tf economi 
ro purely pl web il considerations Mar evervday 
trol problems fall into that category —— —_ Oo 
° unction S-9)* eration* 
° Reactor Design. Switching reactors are special ma p 
netic amplifier components which have been specicall OR 1 Any one Signal turns unit on 
designed for static control. Fig. 1. The ire capable not S-1 S-4 
iy thir he t . ‘ ng tunctior ) is : . 
only of handling U ver switching Tu but a 2-input AND 2 Any two signals turn unit on 
performing logic Tunct - at the same time This i wel a so Oe 
corporation of multiple control functions into the 1 : : 
ay re : 3-input AND 3 Any three signals turn unit on 
wtors has been made Oss e through the ise of ~(juare S-1 S-4 
loop” core materials l the strict observances spect 
Voci 1-input NOT 0 Any one signal turns unit off 
Ces requirements S-5 S-8 
These reactors requ =p i } We “ul Cs a 
through mere circuit arrangement in provide either a 2-input NOT +1 Any two signals turn unit off 
: ; , : S-5. S-8 
r d-e output. Their extremely stiff regulation characte 
sti 1 conservative basis rating for heat rise pe MEMORY 1 With external positive feedback (S-10), 
: ( ; one signal will turn unit on; unit 
he na high wrus t - i as : : . 
, Stays on until one signal turns unit off 
out ditheult Li iis whicl lid ft I il nave rus 
urrents as high as es their seal-in currents TIME When unit is turned on, external capac- 
ate , . DELAY itor network (S-11) charges to turn unit 
in be « aq at rates up to severa perations = pe off after fixed time interval 
se" ad sithout iusing erhneating wt switching = re 
actors selected with current rating based on load seal-i 
urre only. Drasti wer switching tios of great 
tna 2500 t | for the t ff" states are mai 
taines en unde LO) ope ent r tage condit - 
—-—_ Io! a 
} d 
900 -—+ ™ 
* . + + 590 7 
y la hte $—1e—_—_+—_+_4 - 
” 2 iii Le 4. —_—_4+—_—-@ w 3 
= +> ee | -+ + qe ee 
+ = + « ‘ie Y p 7] err +--+ y + — — 
: - = MAC 
a 1 1 L 1 ¥ } AN-VAND WY 
be be ie ao ao ao x _ 
J DAR ied eb } 2 oo ‘ 
J [ f [ Gindidianniiniags 
Ps + . + + + + ES Aeee iinmniinmenagitiail AL & 
Vd 
———— a — = — _ — 
- 7 + T PD 
I I pi Dinas 
- 
t 
Ps ivan Lease Sond 
Fig. 3--Cireuit diagram of demonstrator model incorporating typical external circuitry to perform AND, OR, NOT. MEMORY 
and TIME DELAY logic functions with a standardized switching reactor operating a solenoid load. Table of Fig. 2 indicate: 
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Fig. 4 


phase ac power source: | A) 


Pypical load-switehing circuits using single- 
conventional parallel 
circuit: (B) fall-wave 
bridge circuit for d- output from 2-wire a-c: (4 


self-saturating or doublet 


center-tap bridge circuit for d-c output from 3-wire 


une. 


fo allow for the incorporation of control logic into  re- 
actor operation, four or five separate. completely isolated 
control windings are provided, The small control currents 
required can be derived from limit switches. small log 
voltage levels are 


units and other whatever 


best suited to those sources themselves. 


Logic Functions. The basic transfer characteristic is 
») 


sources at 


shown in I ig. The associated table indicates the man- 
ner in which the normal logic functions are accomplished. 
kach of these logic 


the circuit of Fig. 3. For the or function. the unit is 


functions can be demonstrated with 


#4 


biased to the | 


point. trom which any 


positive unit 


of control from any one source can turn it on. For a 


two-Input AND function. we bias to. the : 


position 


from which it takes positive units of control from an 


combination of two inputs to turn it on. A three-input 


AND would require hiasine to the ) point. Since the 
characteristic indicates full output when there is no con 
trol. the Not lowk 


Zero bias. Any one 


operation is around that 


point ol 
unit of negative control will cause 


the reactor NOT to have output. AND-NOT Tunetions are 


points | et 


provided through positive biasing to 


for which multiple negative inputs would be required t 


cut the unit off, 


MEMORY functions are provided around. the | bias 
point through feedback of 1 unit= of positive conti 
from the output of the switching unit itself. In the off 


state. there = mk point of departur 


feedback and. the 


from the off condition is not affected. Feedback curret 


Increases as the unit: goes to the on state until. undet 
the on condition. one full unit of control is contribute 
with its resultant shift in the top of the curve to the le 
The dotted curve indicates the desired MEMORY 
Here. any jr 


pulse. will 


chara 


leristh 


“itive input. even a short durati 


turn the unit on ind any similar negatiy 
Input will turn it: off 


Kither the permanent o1 the fa 


; ; 
sate type memory characteristics can be provided throu 


ippropriate external circuit: arrangement. Higher leve 
YT positive feedback can be used when “seal-in” etlect- 
ire desired fon multiple AND Inputs. TIME DELAY tur 


round the basic logie characteristics 


built 


tions can hve 


adeway 


through the use of 


networks in the control at 

feedback circuits 
In addition t thre basic loon functions. switehui 
reactors are capable ol performing combinations of log 
functions and = othe operations tor which we have 1 
particular name. For example let us consider a case 


where a three-input aNpD coincidence is to cause 


oper 


I 
itself in after remova 


1 1 
have it seal 


tion of a load and ther 
unit. however. a negati 

fault detector is to block or shut off the 
operation. possibly alter it 


length of time. This can all be 


if those three inputs. In the same 
input from a 
doing so 


only persists for 


i certain accomplished 


with one switching reactor. In one unit we have clearly 


included riMi 
It is easy to see that the multiple cor 


performed AND. MEMORY and NOT. and 
DELAY if required, 
trol windings provide practically unlimited control po- 
sibilities. 

Output Circuits. The basic magnetic amplifier circutt- 
which are most commonly employed. and which produ 
the basic characteristic around which the logic is incor 


1A shows the a- 


load circuit. This is a conventional parallel self-saturating 


porated. are shown in Fig. 4. Figure 
or doubler circuit. Single phase a-c power is required as 


its power source. The rms output voltage is approxi 
mately 90 per cent of the rms applied voltage when silicon 
rectifiers are used as the rectifying elements. Two series 
of units are offered. One delivers approximately 108 rms 
volts out for the standard 120 rms volts input and will 
maintain in excess of a 2500-to-] power switching ratio 
for up to 132 rms volts in. The other series delivers the 
standard 115 to 120 rms volts output but requires 130 rm- 
LO pel 
cent above that. or for 143 rms volts input. When feed 


back is required, a small full-wave rectifier is added across 


volts input. It maintains its swite hing ratio for 


the a-c load to provide desired d-c for that control fune- 


ELECTRICAL MANUF A¢ 





1 ' 
It is of course UWaVS Possib to insert a laree to LO per cent 


ridve rectihMer at the load pomt and cart -« loads 13 idvantagves ko 





vell with this circuit The speed of response which ma direct] derived trom tk i furthermore t is t 
he expected will depend upon the particular applicats possible work dire HW) () eS re svs 
ut venerally will be of the rder of 2 to 6 eveles of tems and carry the : - retu 
he Oflovete power lrequet It must ‘ ememberes { ill outputs and a is ¢ sin t 
l tL this is the only delay I ved Phere < wceun wiring problen \ furthe Lore which applies ge 
t of delavs of loeic elements ahead | rall ty the ) S « sale iture ! 
e 4B s Ws a modifieatior 1 this ibler sole ‘ s | . | me cle es, % 
re ale ‘ itputl ! i { Wire =I! < =I nanical 
- it. This is refe 1 ~ thre for ircuit. | his ' es the it ele t= 
| I elements actu rr ive wit coc ‘ = the ee 
trolled swit I eleme ; ‘ e leos. He : dine P ‘ f SVS 
” ee ik i e «le ‘ ! t it \W avyate = Ve i 1 
the jst 1 i ‘ t kh ‘ S S thre 
: iit ist ~t ‘ it’ le t ‘ < () 
‘ ‘ <ts to either « 1 th aa eels e-rela 7 a | enler < 
it is essentiall i utpu < < se S ! re - 
Itave lis < S < = ~ 1} = «disad ive 
I te per cent. | i elow the OF Fo ‘ ate is S 
elal - | j t ece he W itl this 
= the sull '~ ! i S “¢ S as s < r tu itput 
p rm faetor cid i ealize 
| C" « S ' . . ° . ° . : 
| ws f rid Combined Logic Circuits. | its wl 
‘ tr Itave | ‘ ep « tors The e t 
‘ rms lave ta ke. With hie tv pr f 
I ‘ elt “¢ . . 
- uf wer =\VW 
} ~ i ty 
cs * s s 
: oWitchin r ication 
3 
. 
Annunciator Control 
+ *— > 
; T Problem: Jo provide contr nnunciator indicators 
<4 J slarm. Thermal fault detectors ive indicat 
‘ +— - - sisting two 6-w lamps. W ilt detector closes 
— ps are be lit and s ilt lears. As it 
= 
x - It develops, alarm is es Alarm is g 
=~ ' 
La knowledged by attendant with push button. Erase sig 
- : push button is t ‘ € P second f should 
' ippear at same stant tha e pushes ttor 
ey Solution: | se one switching reactor for each indicator and 
. + ° +—_— + 7 j ) } 
. ae fer tn a al Rins va 1. When 4 
, a he ~ r B the il let tors clos he rride is I I 
7 Y = switching re irs i ps. | ps stay is long 
g j 
: —— is letector < losed Whe eT il detects loses 
x ' 
Q — pulse is sent through ¢ ¢ rm switching re 
—_ > ] 1 
? E— Looes Pulse momentarily turns alarm reactor on and it seals itself 
— oe ——4 in with FB. Operator can turn alarm off witl pulse 
4 CH through identi il C circuit his pulse overcomes FRB 
+o — ‘48 a momentarily and reactor goes to the off condition If opera 
S = T a tor pushes button at same nstant that second thermal deter 
> tor closes, the rese pulse is d by the new 
—— > > a l } 
bao pulse and alarm stavs or \ imber of channels can be 
Aone, \ 
* T tored 1 his inne 
= x 
& _= 
—— 
+— 55 
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. . . Switching Reactor Applications 


Press Drive 


Relay-Closure Counter 


Problem: | de! 
rent flow of low ley 
times that curre 
cause contactor 
rent \ relay 


orilv because 


Solution: On: 
Problem: 


iul t L pul I n mii tf rel oo emploved U 
lay 


losures 


t loads 


perate 


third to shut 


down operation 
1 'u i 


ontrol to reset 


Solution: Th: 


re en ploved 


Reverse Current Detector 


Problem: | 
punch press. Sol 
the ai 
be operated 
provide jog. sir 
operation 
hand butto 
switch type 
Solution: 
proper 


R 


Here howevet! 


operation t- 
tton ms pusthe j 
= operated, the by-pass 
limit switches is broken and 
rrecaution press will stop upon completion 


“ Wessil evel 
1 pre vole 





Index Table Unloading Station 


Problem: Jo handl 


ioading station o7 


Die-Casting Machine 


‘ ] 
o control 


Problem: 


it fall 


Solution: Use two -» 
loads. Use d-e output cir 
ctly from output. Rea¢ 
inits } FB. Positive p 
start button is depressed. ¢ 
it. Reactor A seals itself 
off is fed through 
the desired time 
L units ot Fl 
pulse is fed 
with FB 
‘B” comes 
» discharge 
harges 


> 
\ 


I 


pu 


windings Il 


C; charges 


onstant. Wher 


tires 


ind partially 
into two series 
discharges 


ilso discharges 





Thermal Evaluation of 


Progression for thermal 


Electrical Insulation eee re 
as a Design Too 


Increasing demands on the thermal sta- 


bility of electrical insulating materials 


require a close knowledge by the design 


engineer of thermal evaluation tests. 


Procedures applicable to materials tests. 
insulation systems tests. and equipment 


tests are described and analyzed. 


a Dt \TI R, Vanager. Rlectrical Section 
Product Engineering Laboratories 
Dow CorRNING Corporation 


Midland. Michigan 


DHE EVALUATION OF new heat-stable 
has not kept pace with rapidit 
these materials. Progress in researc} 
therefore beine impeded 
Pest procedures lor evaluating the th 
particular 


ditheult to develop Not only must 


of insulating materials. i 
complicated techni 
questions be solved. but differences in opinion must 
he resolved. In fact. the philosophy upon which test 
cedures are based is not widely understood 

The establishment of new test procedures is further 
complicated by recently created design considerations 
For example. some equipment. especially that intended 
for military applic ations. is designed to produc e maximum 
output or to operate in extremely high ambient temper 
atures for only short periods of time. High temperature 
life tests that use realistic procedures to meet this situa- 
tion make it possible to predict life as a function of 
temperature. Revisions in such standards as AIEE No. | 
were necessary to recognize that temperature ratings ol 
materials. as well as those of equipment. should be based 
on thermal stability tests. (//* 


ple combination of dielectric 
twists) of enameled magnet 
wire and varnish through (B 
model tests (AIEE motorette 
and (C) to full-sized motor by 


AIEE Test Procedures 


Fest procedures for evaluati 
materials fall into three categor! 
| Evaluation of materials and 

materials. Vhese procedures 


-Ca4re h 


' 


people evaluate new materia 
product design engineers to select ane 
materials. Equally important. the data ol 

test procedures will be the basis of establishis 
Classification ‘ ! ot mate! 


under the \IEI rey 


siror 
( 0 


temperature 


tandards 


om nations 
i" that 
quipmet! 


neinectr 


=\-lems~ 


) Equipment tests. When eco 

full seale equipment may he tested 
edures similar to those specified for systems tests 
Generally. equipment tests ompleme nt the syste 

tests 

\) example of this progression from material test 
systems test to equipment test is shown in Fig. 1. One 
the most vulnerable Components in an induction motor 
is the magnet wire. In this example. a simple combination 
of materials consisting of enameled magnet wire and in 
pregnating varnish is evaluated. Next. the best combina 
tion of magnet wire and varnish is assembled with othe: 
components Comprising a motor insulation svstem and is 
evaluated in a model test. Finally. the best overall com 
bination may be evaluated in full-size motors. that is at 
equipment test. In many cases this final test may not be 


necessary. 


Thermal Degradation 


What happens when insulation is heated? Generally 


insulating materials deteriorate at elevated temperatures: 
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Table |I—Effects of Temperature on 
Electrical Insulation 


Development 
Phe ALEE Committe: 


nittee D-9 ih sponser lopn { test pre 

~ for evaluating tl mal stabil of insulating 

ils. The AITEE work done in the Subcommittee 

Phermal Evaluation | ASTM activity is divided 

imone various subcommittees of the Sections responsible 
Tor irious materials. 

In many cases the AIEE and ASTM procedure for 
particular material may be the same and. whenever pos- 
sible. a procedure developed by one group will be adapted 
hy the other. Duplication of effort is prevented by close 
liaison and coordination of these activities. 

W hile procedures developed by AIEE and ASTM may 


he similar. their use by each organization is different. 


AIEEE test procedures are intended primarily to provide 





fairly closely. a final draft of the test procedure is prs 


pared, This draft is then submitted to the sponsoring 
committee for comment and approval. In this way the 
procedure works its way toward final approval. It is then 
published for trial use 

As work on 
vat the 
wrocedures be similar. To provide this help. the ATEE has 


uDplished 


test procedures expands. it Is important 


eeneral pring iples and format of the different 
culdes for the 


two preparation of test pro 


material tests. AIEE No. LD. and a 
AIEE No. LE. As additional ex 


euldes will be revised and ey 
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When 


the form in which the 


| ; 
his specification ts east 


the sample should dup! 


possible 


naterial will be used in serv 


met in many cases enan 


magnet wire. for example. In other cases. it is more 


ilt to meet since some materials are used in seve 


nt forms and many different applications. For 


1 thermoplastic mav be molded. extruded 


resin 


dered and used in applications rangir ron 


boards to insulation for cables or motor is 


rms ot test 


might 


sample 


de in desig 
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as applied 
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Table tl—Environmental Factors in 
Insulation Deterioration 


Moisture: | 


Special Atmosphere : 
terial differ dependir 


ir. nitrogen or other 


Chemical Contamination: 


t n-ulatior il suble« 


eh as salts 
Mechanical Stress: 
mechani 
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on she i | 


Altitude Effects: 


mistituents suct 


I iddition to 


operties 


Nuclear Radiation: Equipment associate: 


tors mav be subjected 


W hile 


and B are constants associated with the chem 


the material and 7 is the aging 
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iture in absolute 


Fortunately. this linear relationship between life and 


| 
temperature applies to many conventional insulatit 


materials. Test procedures speciiving high aging temper 


Phe life of 


it several high temperatures to es 


itures are based upon thts theory i material 


may be determined 
tablish a life temperature relationship When proper pre 
taken 
an estimated life at 


\ving 


’ ' 
1) hr to 


cautions are this line can he extrapolated to give 


lower operating temperatures 
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rial is no longer usetul if subjected to the environmet 

All of the environments to which a material may be 
subjected in service cannot be anticipated nor applied ir 
testir In every case a compromise must be made wher 
environmental condition is considered in a test pre 


cedure. For this reason. there is an inclination to omit 


environmental conditioning from material test proce 
dures. Environmental conditioning might be used in sys 
tems tests rather thar n material tests, 


Properties to be Measured. Of major Importance are 


the properties selected to show the degradation of the 
iterial. In some nstances several properties may. [ve 


neasured., In general the property must be significant 


terms of the end use for the material. It must be easil 


ind accurately measurable. In several recent test) pr 
cedures. electric streneth has been selected as the si 
nificant property. Since most insulations are ised as 


electric: barriers. electric strength is a logical choice 


Klectric strength measurements are also used to dete 


the formation of eracks or voids in insulation. Insulatior 


esistance or dissipation factor measurements might als 
he considered. However. in some applications a physical 
property such as tensile or flexural streneth or bondi: 
<trer th ma hye nore significant than the electric il pre 
erties. For example. flexural strenett ilues might be 

re significant when a laminate is used as a mechani 
support for enerato viis., Gdn the ther hand 1 the 
iminate s used as a barrier ! i transtormer. elect 
strength would be the more significant property 

Failure Criterion. One of the most important definit - 

i test procedure - the minimun iiue for the meas 
j ed property selected as the tatlure point or end-ot-lite 


( nless a material is evaluated for a particular Apple 


the end-ot-iite tile = usuall selected arbitraril 
Values specihed as a percentage if an original value 
re enerally if i eptatble Phe mer ntage-less Values 

jul enalize ile = thal have sually hist I 





a s deteriorating. In this case the test propert s measu 
{ isionalls duri on the on a I = “venera I i = 
sample and consequently i irce itl , ife edu ee 
Data Proce ssing \ fte the na te Values ive t 
obtau ed. the data must t rvanized ane ial Ze 
that valid conclusions can be made he statistical met 
1 least squares has been used for this purpose. A 
edure lor processing aging data Is given i ALEE st 
ird No. 1F. The theory of extreme values has als 
ipphied to insulation evalual I f 
The thermal life-temperature relationship deter: 
hy aging tests at several temperatures can be present 
sraphically by plotting the end points on eraph pay 
designed for this purpose. Data obtained on several ¢ 
ferent materials can be easily compared in this mar 
| Det as shown in Fig. 2 
t Test Procedures 
Fig. | Thermal life as a function of temperature for several Several test procedures for evaluating the thermal st 
varnish-coated glass-fabric insulating materials bility of insulating materials have heen published 
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AIEE No. 57, Test Procedure for Evaluating the Ther- 
mal Stability of Enameled Magnet Wire. 

AIEE No. 65. Test Procedure for Thermal Evaluation 
of Ventilated Dry-Type Distribution 
Transformers. 

AIEE No. 510. Test Procedure for Evaluation of Sy-- 
tems of Insulating Materials for Random-Wound 
Electric Machinery. 

AIEE No. 511. Test Procedure for Evaluation of Sys- 
tems of Insulating Materials for Electric Machinery 
Employing Form-Wound Pre-Insulated Coils. 


Power and 


lo provide examples of how these principles are being 
applied in practice. a review of AIEE No. 57 and of sev- 
eral test methods under development follows: 

Enameled Magnet Wire. AIEE No. 57 is the first 
material test method to be published. The test specimen 
described is the same as the NEMA dielectric strength 
sample. It consists of two short lengths of wire twisted 
together. A certain degree of mechanical stress is obtained 
in twisting the wires. Test specimens are used as shown 
in Fig. 1. Since impregnating varnishes affect the thermal 
life of enameled wire. the procedure provides for dipping 
the twisted wire samples in varnish, 

The samples are aged at various temperatures and a 
predetermined voltage. calculated at about 300 vpm of 
the insulating film thickness. is applied between the wires. 
This cycle, consisting of exposure at high temperature 
and testing. is repeated until the samples fail the voltage 
test. 

This test procedure has been criticized because me- 
chanical stresses. simulating vibration or shock were 
omitted. It is believed that the high failure criterion 
value of 300 vpm relative to the low working voltage 
compensates for this omission. The failure criterion seeks 
out the first small flaws that develop during the high tem- 
perature aging. Mechanical stresses. such as bending. 
can be applied. It is difficult to determine the degree of 
mechanical stress to use in any test’ procedure since 
requirements vary extensively in the many different ap- 
plications for enameled magnet wire. Too much stress 
would accelerate failure and might make results more 
difficult to correlate with service. Obviously. the samples 
can be stressed if they are being evaluated for an applica- 
tion in which the degree of stress is known. 

Moisture conditioning is not a requirement although 
a procedure for conditioning at high relative humidities 


is given. Since the failure criterion is high enouech t 
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detect flaws in the enamel film. moisture is not necessary. 
However. moisture and any other environment may be 
applied to the samples when thermal life in a specific. 
unusual application is to be determined. In fact. one eri- 
terion for judging the usefulness of a test procedure is its 
adaptability to simulate special application requirements 
without deviating from the basic test method. ATEE No 
57 meets this requirement. 

Thermal life values for several enameled magnet wires 
obtained according to ALEE No. 57 are compared in Fig. 
2. This figure is typical of the curves obtained in thermal 
life tests and it shows clearly the relative stability of the 
various enamels. 

\ test for enameled rectangular wire similar to the 
above procedure is under development. 

Flexible Sheet Materials. Section F of Subcommittee 
Vil. ASTM D-9. has developed a test procedure for evalu 
ating the thermal stability of flexible sheet materials such 
as varnish-coated fabrics. In this test. sheets of the mate- 
rial are aged at various temperatures and then tested in 
a special jig designed for this purpose. The samples are 
aged until they fail the voltage test value of 300 yvpm 
Two methods are recognized. In the first. the samples are 
aged until they fail the proof test of 300 vpm based upon 
their original thickness. In the second. electric strength 
is measured after each aging cycle and end-of-life is 
taken as the time necessary to reduce the electric strength 
to less than 300 vpm. 

Unlike the enameled magnet wire tests. this method 
requires that a predetermined degree of mechanical stress 
be applied at the same time that the test voltages are 
applied. This is justified because. in nearly every applica- 
tion, the flexible sheet materials will be subjected to stres- 
resulting from the relative thermal expansion of copper 
and other metals and the fabric base. (In the case of 
magnet wire. the enamel is continually subjected to ther- 
mal expansion stress because it is evaluated on the metal 
conductor. | 

This mechanical stress is obtained by placing the sheet 


material in the test jig shown in Fig. 3. This jig is 
designed to elongate the outer element of the sheet by 
approximately 2 per cent. The test voltage is applied be- 
tween the cylindrical electrode and each of the concave 
electrodes. The obvious name “curved electrode” is used 
to describe this method. 

In Fig. 4. thermal life values obtained on several dif- 
ferent classes of varnished glass cloth are shown. Note 


(Continued on page 326) 
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Fig. 1 Typical five-block wire drawing machine showing path of wire as it passes through dies 





and areund capstans and dancer rolls. Completed wire is collected on finish block at right 


Development of Drives 
for Wire Drawing Machines 


Using multiple-generator. variable-voltage drives for each block. the designers of 


wire drawing machines have achieved efficiency and speed of operation previously 


impossible. 


Wodular construction of the control system further adds to the ease of 


operation and maintenance of the machine. 


M. A. NYE, Chief Engineer 

VatcHN MacHinery Company 

Cuyahoga Falls, Ohio 

R. C. SUTTLE, Application Engineer 
Reviance Evecrric anp ENGINEERING Co 
Cleveland, Ohio 


MANY ADVANCES IN THE ART of d-c motor control have 
occurred in the years since the manufacture of wire by 
drawing through dies first began. Prior to 1932. wire 
drawing was accomplished as a number of individual 
operations. This process naturally involved a great deal 
of material handling and set-up time between operations 
so it was inevitable that an attempt was made to com- 
bine the individual steps into a continuous drawing 
machine. The first machine of this type (called a “Moto- 
blox”) was built by the Vaughn Machinery Company and 
consisted of five individually motorized capstans to pull 
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the wire through the dies. Each of the five blocks was 
driven by a 10 15 hp. 1700 2300 rpm. shunt-wound 
motor with a 230-volt shop supply for excitation 
Adjacent to each capstan on these machines was a 
dancer roll containing a rheostat assembly which con- 


trolled the speed of the preceding block motor. The mini- 


mum amount of tension was thus maintained between the 
following die and the control capstan. This means of 
tension control is still used today. The finish. or last. 
block on the machine was driven at the highest speed 
and was designated the lead or master section. It allowed 
the wire to accumulate either on the spindles or on a 
stripper block mechanism. A typical five-block machine 
is shown in Fig. 1. Although the design of the powel 
drives has changed. the basic arrangement of the blocks 
and dancer rolls has not been essentially altered since 


the first continuous drawing machine was developed. A = 
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Fig. 2. Schematic diagram of control for finish block drive. 
Smooth acceleration and deceleration is achieved in VSC reg- 
ulator 


a consequence, certain features of the operation which 
are applicable to today’s machine can be described in 
terms of the original Motoblox 

Operational Features. [he operation of a typical 
ferrous wire drawing machine is easily controlled from 
the front of the machine. A foot-operated “jog” or “inch” 
rail situated at the base of the machine along its entire 
length provides for momentary jogging or inching. As 
long as this rail is depressed. the machine continues to op 
erate and it stops as soon as the rail is released. For 
unattended operation, it is only necessary to depress the 
joe rail and. at the same time. pull the “startine” rail. 
a second rail which also runs the length of the machine 
but at shoulder height. This hand-operated rail provides 
a protective feature in that. if it is pressed in toward the 
machine or toward the wire being drawn. the machine 
is immediately stopped. Actually. this emergency stop is 
the normal stopping procedure with all stops being con- 
sidered emergencies. A stop associated with snarling must 
be as fast as practical yet must be smooth enough to 
permit the body weight of a man to stop the machine in 
the event he were to become entangled in it. The initial 
starting of the machine from thread speed to full run- 


ning speed must be as smooth as possible so that any of 
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Fig. 3 -Follower block control -ysstem. Each of the four followe: 
block- has its own control but -peed reference is obtained from 


finish bleck 


the transients associated with acceleration will not eause 
excessive dancer roll movement. 

Multiple-Generator Drives. rior to the introdu: 
tion of the present multiple-generator drive arrangement. 
three types of drive systems had been utilized for th 
Motoblox. Initially. the objective of the continuous draw 
ing machine was to put individual drawing operations 
into one continuous line: speed was secondary. Then. as 
the art of wire drawing advanced. increased operating 
speeds were considered essential. The constant-potent) il 
motor drive system was first used in 1932 and it was in 
constant usage until 1938. when the first common-gen 
erator drive system was utilized. Little significant im- 
provement was made in these systems until 1952, hut 
during this time machine speed advanced from 1200 to 
2000 fpm. 

In an effort to increase the flexibility and speed of 
their wire drawing operation plant engineers of The Stecl 
Company of Canada modified a common-generator. 
variable-voltage svstem bv the introduction of booster 
eenerators for each individual block. The booster gen- 
erators were in turn controlled from their respective 
dancer roll rheostats. It was found that this method 
would increase machine speed by about 30 per cent: 
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however. the additional cost of the boosters failed to 
make the increase in speed as attractive as antic ipated 
It was felt that any further attempt to increase machine 
speeds would be economically possible only through the 
use of individual voltage control of each motor block. 
At this time. high-speed. two-bearing. 3600-rpm com 
bined units were introduced. These new units provided e 
considerable cost savings over the large common genera 


tor and booster generators previously used. It was found 
that individual generators could be economically applied 
to provide higher horsepowet for increased machine 
speed. 

Control System. With the advent of multiple gen- 
erators., the problem of the control system became im 
portant. It had been established that one fail-safe. fast. 
controlled stop was a definite requirement. Analog com- 
puter studies were made of three different control sys- 
tems. and it was found that the larger weight of the wire 
bundle being considered for use by the industry would 
require a current-limit. forced-torque. controlled stop 
The « omputet! studies also revealed that the normal char- 
acteristics of the follower blocks were such that they 
could) be handled with a non-controlled stop without 
overloading the electrical equipment With these findings 
as a background. a control system incorporating a cur- 
rent-limit| stop and a smooth. timed-rate acceleratior 
control was designed 

The svstem utilized the same operational functions as 
used on previous machines. The finish block is the lead 


or reference unit with all other blocks termed “followers” 





The finish block control is basically a fail-safe. contactor- 


; Fig. + -Mock-up of drive and control module used in deter. 
less system whose schematic is shown. in Fig ) The 


= mining -pace and ventilation requirement- 
“suicide relay. SR. is de-energized with the machine at 


rest. When the operator depresses the foot-operated inch 
or jog rail. relays SR. JR. and FCR are energized. thus 
connecting the generator shunt field across the control 
exciter, disconnecting the mtrol exciter suicide field. : 
and causing the VSC to supply excitation to the mair r os : —a ‘ 


eenerator through the control execiter S . . 7 


172 


The VSC contains a linear voltage time limit t 


4 { 


i smooth start from rest. This controlled acceleration is S ey 
achieved by charging a « ipacitor with a constant current : f 
obtained from a pentode connected across a_rectifiet S T= 
bridge \ generator voltage feedback loop is employed ‘ 3 .. 
in the VSC to maintain a repetitive stable inch speed 
regardless of motor loading. When the operator pulls Pe] 
the run rail. the VSC reference voltage is automatically x 
transferred from the incl speed reference to the mac hine 
speed reference and the generator voltage under time 
limit is changed to the value for preset speed 

When the run rail is pushed to stop the machine or Fig Cross section of drive assembly showing gearing a 
when anv of the other stopping or protective devices ventilation paths 
ire actuated. relay FCR is de-energized to transfer the 
control execiter main field from the VS¢ output to the 
onstant exciter bus in the reverse direction. With the 


control exciter field reversed. rapid stopping can hye energizing SR. 


obtained but some provision must be made for limit- Follower Block Control. The control systems for 


follower blocks are identical The schematic diagran - 


erator loop voltage drops below the drop-out point 


relav LVR. full generator treld suicide 1s ipplied Dy ae 


ing the current to prevent damage to the machines. This 


is obtained by the action of the current limit field which 


{ 


shown in Fig. 3. The basic reference signal is taken fron 


is energized hy a voltage taken from across the motor the finish block generator voltage which is applied across 


series field and the generator interpole field. This ex. resistors 8R and OR. Resistor 10R and capacitor 3 


citation is connected through rectifier ISR so that it 


constitute a time-delay circuit to provide smooth accelera- 
effective only when of the proper polarity. When the gen- 


tion. The reference is compared to a feedback voltag: 
which is applied to 3R. 4R and 5R and the difference is 


pal persian 19 , Pom 5 oo used to control the VSR regulator with a voltage from 
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Fig. 6—Tandem module contains constant-potential exciter 


and control and set-up devices for over-all automatic operation 
of wire drawing machine. 


the dancer roll rheostat added to obtain proper tension. 

The voltage feedback signal can be modified by the 
operation of a foot switch to provide a higher speed on 
a block when it is being strung up. This is necessary to 
cause the dancer rolls on the preceding block to remove 


all slack and come into operating range more rapidly. 


The block generator field is connected to the regulator 
by relay SR when the machine is in operation and is 
connected across the generator armature to provide brak- 
ing when the machine is off. Current limiting is also 
provided during the stopping operation. 


Fig. 8—Three Vaughn Motoblox drawing 


machines with built-in, 
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Fig. 7—-One of five follower block modules. Power unit is 
resiliently mounted on roller assembly with long leads to per- 
mit removal for easy maintenance. 


Mechanical Considerations. [t was essential that 
space requirements for this control system be kept 
small and that the number of devices used for each sec- 
tion be kept to a practical minimum. Ready accessibility 
for normal maintenance procedures was also necessary 
A number of laboratory set-ups of the main drive ar- 


rangement were made. Figure 4 shows a typical mock-up 


arrangement. These mock-ups allowed the customer s 


maintenance men to see the drive arrangement before it 


was built into the final machine and to give suggestions 


modular control systems installed in wire mill. 
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The Basic Slide Rule 
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a ° iF ] N 5 3 Adding Logarithms to Multiply 
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Multiplication 
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Variations on Basic C-D Operation 


THE SLIDE RULE is the basic tool Displaced Scales 


Proportions 





5 ‘ Inverted Scales 

of the engineering profession; Squares and Square Root 
= - Logarithmus and Antilogs 

however, too tea engineers use Pythagorean Scale 


. a Pe Trigonometry 
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Cosine 
fullest advantage. Here are a log- inne 


Reciprocal Functions 
ical development of the slide lie tis chet youn 


The Log-Log Scales 
. PM re Raising a Number to a Power 
conelse instructions for its use. 


Fractional Powers or Roots 
Odd Logarithms 
Exponential Equations 
Extended Values 


rule’s fundamentals and complete, 


Vector Diagrams 









A Hyperbolic Functions 
Combined reprints of both Parts | and Il are Ce "Sink i 
from The Gage Publishing Company, 1250 Sixth Ave., Tanh 
New York City 20, N.Y. Price: One dollar per copy; Cosh 
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Complex Functions 
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The Basic Slide Rule | ee Be ee ee 
Wiiy Use THe Stipe RULE? The slide rule is a computing 7 , 2 t ; t Tt t 
device. As 1 compull device. it has such dissimilar rela = 
lives as: a pencil and paper. an abacus. a desk calculator 7 
ind a general purpose analog computer. [he user of a cor 5 i 
l¢ t ist nsider cura Spee il st / 
‘ his wea The slide rule is =I ersalile and | 
< Ira { ‘ ‘ ette “ | 
Es | epet 
' i s i e surpass I f ia f 
Na to He | the hor’s fathe 
t f I nturies 
- resulted in the ae slide rule . , — ; 
Adding Logarithms to Multiply. | hie basic slide rule oe 
‘ | \ | ; | ( S 
Sul t is des : Zz i : 
{ < 
ry 
| 2 - | ( “ 
fs < j } ¢ ty « ( < ¢ 
< the s Desk itors ‘ 
the ~ princip 
The slide ru ilt es ent | 
| t { = follows 
| 2 1a) 10) lO ii 
In this method each factor is rewritten as 10 raised to some 
eX nenoti il powel These exponent= are ther ida d ind 
the resultant powel! of ten is the desired answer. As a first 
ste oward making a slide rule. a graph of ten raised to 
irious exponential powers is shown in Fig. 5. Using this z 
raph to solve 4 12. the following steps are necessary 
1. Convert 4 and 12 to exponential powers of ten This 
= done by finding points b and d on the graph. Dashed > 
lines al and ed represent the exponents of ten that corre 
spond to 4.and 12 respectively 
2. Add the exponents. To add the exponents. it is only 
necessary to draw ne segment bd’ as shown so that bd’ - 
has the same length as line segment ind note the sum. 
line segment ad. 
». Convert the exponential sun nto a number. Line seg - ; 
ment ad now represents the sum of the exponents of ter : 
that in turn represented the original factors. 4 and 12 
Converting distance ad’ to a number bv moving the point d’ Fig. 6—Conversion chart of Fig. 5 distorted to obtain straight line 


Fig. 7—Elements of slide rule multiplication 
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Fig. 8—Scale reading exercise 


drawn twice in Fig. 7. as scale © and seale D. Distances 
rdded as before to Ove the 


Notice that it would be very 


representing 4 and 12 ar 
product. 46 onventent to 
have scale C movable left and right so that any set of 
distances could be conveniently added. The C scale is mov 


able in 


100 has the same lavout as the scale from | to LO. As a 


a slide rule. Notice also that the scale from LO to 


result. y has the same relative position on the C scale as a 
and using distance wy instead of wx in the multiplication 

1.2 instead of 4 12. 
on scale D: z 1.3. In 
order to obtain maximum accuracy in a calculation. slide 


in both 
C and D scales and decimal places are shifted as needed 


problem converts the problem to 4 
The answer to 4 1.2 appears at - 


rules are made with only one “cycle” (i.e. 1-10 
to make the answe1 appear on the scale. ( onsequently, the 
slide rule doe s nol five dec imal piaces This will be dem- 
onstrated in later examples. 


In solving problems with the slide rule. the user must 


insert the decimal point in the answer himself. Another 
mental burden that he faces 


s reading the scales on the 


slide rule. This takes more practice than most people will 
admit. Because of the uneven scale spacing the smallest 
division will be ~ 14 o1 of a major division de pend 


ing on the position on the scale. Readings just beyond 


1.00 are also troublesome. As a limbering up exercise. trys 


reading the pointer settings in Fic. 8 as rapidly as pos 
sible. The correct answers are shown inverted at the botton 
of the figure. 

Phe term logarithm has been avoided up to this point to 
avoid a common form of pan that this term seems to 
catalyze. For completeness and for use in later sections. the 
logarithm is introduced here. Logarithms are most easily 
explained by this equation 

lo 
lf a and b are numbers. then b ts the logarithm of ato the 
hase 10 

It is apparent from this definition that the multiplication 
by-adding scheme developed so far was really a means of 
Another 
The logarithm of 
a number to some base is the exponent to which the base 


multiplying factors by adding their logarithms 
way of defining a logarithm is to state: 
must be raised to equal the given number. A more basi 
definition of logarithms in terms of an infinite series ex 
ists. but will not be given here 

In adding distances on the slide rule, “1” is used as the 
starting point or “zero” distance because the logarithm 
of one is zero. A look back at Fig. 6 shows that ten raised 
to the zero power and the number one were used as base 


lines for distance measurement. A hairline or indicator is 
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Fig. 9—Construction of slide rule training aid. 


used with the sliding scales in a slide rule so that points 


two different scales may be readily aligned 

Sample Slide Rules. bisuie | shows a do-it-yoursel 
slide rule. the first of four rules that can be cut out of th 
irticle to form training aids that will permit the reader to 
“work along” with the examples. Cut out the two parts 
Fig. | along their outside outlines, fold as directed. and 
staple or scotch tape each part separately. Then lay the 
slide inside the body as shown in Fig. 9. An unbent paper 
clip laid loosely on top of the rule can be used as a hairline 


| ) 
is. <2. 


permit the 


} and 4 show similar rules. The set of four wil 


reader to practice each example as it ts ae 
scribed and this practice is highly recommended. ach rule 
has a code number and all illustrative examples indicat 


These 


simplify and speed learning ind do not represent the best 


the appropriate rule to use rules are designed to 
choice in scale arrangements. 

Multiplication. Fig. 10 shows simple multiphieation, 
> j O[E(C+++) + (---) = ( ) J. using the 
C and D scales. The dots and dashes after the equation ke 
the slide rule manipulation to the equation and indicate the 
distance addition that corresponds to the multiplication 
The vertical lines ae 


the hairline 


oss the slide rule show the positions of 


The dashed hairline is an 


intermediate setting 


used to align 2 on the D scale with | on the C seale. 


ind the 


solid hairline shows the final setting for reading the answe 
which is cireled in red. Follow along each example witl 
our practice slide rule. 
Fig. 1] shows another equally proper way of setti: 
the same example since order is immaterial ulttpl 
tier 
Although ={ people ipulate the slid ule t i 
se 
C ‘ 
j 
F i ; 
Fig. 10O-2X4=8 
“Fr | ; 
‘ D 
oC | DI 
~ E p 


Fig. 11—-2X4=8 
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the answer on the D scale, it is perfectly proper to have it 


L f 
end up on the C scale as shown in Fig. 12 for the same aE oF : t a 
example, S : e 
Sometimes the answer to a problem is literally “off the =) : . ; 
end of the rule”. Such a case is shown in Fig. 13 where on 
2K 7.5=15[(-++) + (--——-) = ( )] is car 
ried out. If the D scale were continued to the right another Fig. 12-2X4=8 
evcle. as shown dotted in Fig. 13. all would be well. but this 
is not possible Phe way out is to shift the C scale to the left. 
instead. as shown in Fig. 14. The reader should compare 
Figs. 13 and 14 to prove to himself that they are equivalent 
In fact. if the C and D scales repeated themselves several 4 
; times. such as is done in part in Fig. 7. there would be one D 
point eacl le where the hairline id ited t 
ea t the =We lhe shift of the slide | hole evele 
; stcwhe aioht hand “1 the Cccale the former place , 5-2x75=15 
{ eft nd “1” of the © seale. This ess is called 
inte har ' dices Ovnre on the ¢ r D scale is 
illed an index because it is the starti plac r distan 
easu ents. It corres . e hea ixis of 
bie. 6 
Division and Reciprocals. |)i\i-i Ba plished 
the alide rule by aubtracting distances. This can be seen 
lo? 10 0) 2 7 
In words. the quotient is t iised to the diffe ce be ere ne , 
tween tl eXI ents wh so! d di ( tare bot 
expressed as a number raised t i Is Pow = 
Divis is illustrated in | » for the case, 9 b.5 , e 
2[(-+-)-—(-- j= )] Notice the dotted $ 
termediate ha sett \ se nd example 4 y= 
O5[(+++)—-(—---) = ( ) ] is shown in Fig. 16 o 
The swer appears off <] der the left hand € scale : : : 
ndex. Aga because of the ature of the © and D 
scales. the same nut rical valu ype = und the ont Fig wow 4.5 2 
hand index of the C scale and it is read ther 
\s ultiplication. the es of the ¢ 1 1) seales ca 
bn ersed. Fig. 17 shows tl thove problem solved with 
scale es reversed. In this case. the eht hand D seal i 
ndex substitutes for the left hand D index - : + 
vt iis are e@asil I ed | ai | inniple 
can be rewritten as | 2 0.5 [(+++) —(—--—) 
= { )] is shown in Fig. 16. A more elegant means 
of finding reciprocals will be covered later Fig. 16-4+8=0.5 


Repeated and Mixed Processes. Nepeated products 
ire readily calculated by using the hairline to store inter 


ediate products. For example 4 ) 5 1500 


Fig. LOA : 
5 OO [(+++) 4+ (-—- ae J : ip 
Fig. LOB 
60) 25 S00 [Cee * ) + ( —) = ( )] e174 
Fig. 196 
Notice that. as the slide is repositioned to introduce each 


co 
oO 
uw 


factor in turn, the hairline remains fixed to keep track of 


the intermediate product ne t } 
Repeated quotients are calculated by a similar scheme F +CF 
For example. }2 3 7 0.02 is solved in these stages: . = — 


o at 
12—8 LS f(ss0)}.— (<< ——~) opt ] D 4 
Fig. 20A F 
L.5 75 = 0.02 [(- ++ )—(———) = ( J 
Fig. 20B Fig. 18—% =0.5 
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In this case the hairline keeps track of intermediate quo 
tients while the slide is moved. 

Mixed products and quotients are also calculated by 
using the hairline to store intermediate products or quo 
tients and are most readily calculated if quotients and prod 


ucts are alternated. For exampk 9 12 ) 0 6 


rearranged to | ») 


y and is solved in th 


following stages 


1? 0) 9 ES ee ) + | 
) + 


Variations on the 
Basic C-D Operation 


Displaced Scales. [Displaced scales” are 
the basic (¢ ind D scales 


(or lide rule 


as the D) scale 


the it by il The solid hairline 
» 


27 28 on the DE scale directly abo Zon e D se 


The dotted hairline shows how to obtain 2 0.036 
the D scale directly below 2 on the DF scale. The digits 


involved in each of these cases are very similar and it 


necessary to be careful to remember that the operation Is 
‘upward to multiply by and “downward” to divide by = 
\ better method (than memorizing) is to notice that the 


ends of the rule (see red arrows in Fig. 23) show ata glance 


that the DF scale reads x the D scale setting and that th 
D) scale reads | 7 of the DF scale setting. 
\n example of the DF scale use is shown in Fig. 24 where 
().4/x 7.5 0.954 [(+++) + (—--—-—-) = ( )j 
Fig. 20B—1.5 += 75 =0.02 is solved. Notice that 0.4 + appears on the D scale by put 


ting the hairline over 4 on the DF scale. 


\ similar problen IS dao 4 Tr 9.44 [(-+-) +~ 
(———) + (---:) = ( )] as shown in Fig. 25 
Notice that indices were intere hanged on the C scale and 
that the last distance addition (multiplication by 7) was 
performed by transfer to the DF scale from the D scale 

Phe existence of a CF scale that is equivalent to the ¢ 
scale shifted left by a factor of + means that both C and D 
have first cousins. 7 removed. so to speak. This feature 
permits avoiding index interchanges in many problems 
Fig. 26 shows 2 iS 5 ff os 0) + (---) = 
( )] using the CF and DF scales. If 2 on the D scale 
is combined with 7.5 on the C scale, the answer should 
appear on the D scale opposite 7.5 on the € seale. This 
answer is literally off the end of the rule so that using the 
fact that at all times CF vs DF is the same as © vs D. the 
answer is read on the DF scale opposite 7.5 on the CF scale 


Compare this method with Fives. 13 and 14 where the 
Fig. 21B—3.6+6X5 





Proportions. Proportion ire readily set up 


rule. Referring to Fig. 22. it ts 


the slide 
ipparent that, if two simula! 


scales are displaced then readings on the two seales that 


ond in position b i constant ratio to ¢ 
”) 


1 | 
<. all the upper sca numbers are 


yonder ts 


ntire DI s 


find the 
read the D seal 


Because the DI scale 


reads right to left. th 
umber on the ID scale 


fy » the same 
Fie. 31. for 


2 shows 2 | 


vhich should be compared with the same 


without using the DI seale in Fig. 12 


\ slide rule with a Cl seal cl 
mits successive multiple ilior 


» slide movements while leaving the 


2 ti OO [Ces+) + (- 
— )] is soived with one 
53 although the same probl 


settings in Figs. L9YA and LOB. 
Squares and Square Roots. |i a distance on the D 


is halved. the half distance. call it y. repre 


ber such that 4 ) This is illustrated ir 


+ where 9 and Sil 


) ) ce 4 


Notice that the solid hairline 





Fig. 28B—9:3 


Fig. 35—Conversion chart for root scales 


Fig. 36A—\/4 = \ 25X7.5=3 


Fig. 36B—Incorrect setup for \'4=+ \ 25X7.5=3 


Fig. 31—Equal distances on inverse scales 


Fig. 32-2X 4=8 


Fig. 33—4 X 2X7.5=60 Fig. 38—Cube roots of 8, 80 and 800. 
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(MM CLOT 


LUM. ete 


vested although the char { Fig 
Logarithms and Antilogs. ° 
was defined | 


D) seale it was 


orrect a 


proportional 
made mistake on er ‘ ! > Redrawi 


ollownl eXanmiple 


20 [(-*-) - ( = i wide rat ot? nbe on a small slide rule. 
)j In this case distan ! | tto the A 


and B seales so the “division — 


rithm. as measured by le rithmetric ruler. i 
7 mn performed on the into two parts, an integ pa alled the characteristi 
(. and D seales is really division by the squares. In Fig a decimal part called the 

MOA. if the square of the final answer (3°) were desired. For example 

it could be found by looking up to where the solid hairline 

intersects the A scale at 9. In Fig. 36C. however. the square 


root of the final answer. 20. does not ippear ul der the solid 


hairline since the square root at that point is Ze 200. Logarithm haracteristic —- Mantissa 


0.02 ete By making the mantissa positive for all logarithms, a scale 


As can be seen from the two examples above. squaring that cycles at the same rate as the D scale is generated as 
operations have the answer on the A or B scale and square shown in Fig. 39. 
root operations have the answer on the C or D scales. This Figure 40 shows two crosshair settings. The solid cross 
order can be reversed and greater accuracy obtained in hair gives the logarithm of 5 the base 10 as C + 0.7 
-quare root operations by using a double length scale (R1. where C is the characteristic of the logarithm. The chara 


R2) with the D scale. Fig. 37 shows such a scale with the teristic can be determined from the following table: 
hairline set at 2 on the D scale and reading \ 2 on R1 scale 


*Root-L” seale) and 20 on the R2 (*Root-2” scale). 


These scales can be thought of as doublings of the A and D 

scales as shown in red, Since the R scales appear under each 1.01— 0.1 

other. one slide position gives both roots. cA 
Cubes and Cube Roots. Cubes and cube roots are ob- 


» 100 
tained by use of the K seale. which is one third of the D 


100 > L000 
scale leneth. proportioned down. just as the A scale was 


one half of the D scale length. proportioned down. Fig. 38 In this case log,,a0 


shows the three ¢ ube roots of the digit 8. They appear on Similarly log,,0.5 





The antilog can also be found using the slide rule. The 
10 on the D scale under 


as 3160 with the decimal point deter 


of 0.5 is shown in Fig 
the dashed hairline 
mined by the table above. in this case 0.316. Ten raised to 


edure, for 10 


intilog 0 


a power is given by the same pro is another 


way of expressing antilog Logarithms to bases othe 
than 10 will be discussed later 
Pythagorean Scale. [he log 


infinite variety of scales that can be composed to go with 


s¢ ale is only one of an 


the D scale. Another example is the P (for Pythagorean ) 
scale. This scale is used to find the length of the third side 
of a right triangle if the hypotenuse and opposite side are 


known. 


Fig. 41 shows a right triangle. From geometry. 


where a hand b h are the lengths of the sides « xpressed as 
fractions of the hypotenuse. If the D scale is thought to 
.l to 1.0 as indicated in Fig. 42. then the D scale 
setting is bh and the P seale is a h. Thus the P scale is 


i useful conversion agent. As an example and thought 


go Irom 


provoker, the hairline in Fig. 42 is shown in two positions, 
each of which shows that. if one side of a right triangle is 
60 per cent of the hypote nuse. the other side will be 60 pel 


cent of the hypotenuse. 


Fig. 41—Basic right triangle 


Fig. 42—Pythagorean scale use. 


Trigonometry 


If the sine. cosine and tangent functions are understood 
the use of a slide rule to solve trigonometry problems is 
If these three 


the slide rule becomes a device for aiding confusion. Most 


very simple functions are not understood. 
engineers first meet these functions in trigonometry and 
°0 through the rest of thelr careers plagued by a pic ture 
of a right triangle that acts as a mental block to develop- 
ing a feeling for the uses of the sine and cosine functions 


in the study of harmonic motion. a-c circuits. radio waves. 
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missile trajectories. etc. There is no “right” or “wrong” 
approach but the following development has been found 
by experiment to be very helpful and adaptable to all 
applications of periodic functions. 

The sine (sin), cosine (cos) and exponential functions 


e’) are defined by the following infinite series: 


These series are good for all finite values of z and x: posi 
tive, negative. fractional. zero. etc. They are basic defini- 
tions; they have nothing to do with right triangles. Sin a 
and cos x are plotted in Fig. 43. Notice that they have 
maximum and minimum values of 1 and repeat them 
selves every 6.28 units (27) of x. As can be seen from the 
curves, or proven by differentiation of their series, each is 

the plot of the slope of the other. a property which is 
unique to this pair of functions and is responsible for 
their occurrence in many physical problems of motior 

The number e can be determined by letting - 1 in the 
expression for « 


In this case 


Soe isa real live number. similar to 7 in that it cannot be 
expressed as the quotient of two whole numbers. The fune- 
Lb. It is unique 


is identical to 


tion e* is plotted as the solid curve in Fig 


in that it is the only function whose value 
its slop at all points. 
It is necessary to introduce a new number. 


point. We define 


j as follows 
| (or) | 


j obeys all the laws of algebra 


It can be aaa that 


argument that follows will assume that it does. To see so1 
ol pe uliarities of 7 notice that: 


(These can all be verified by substituting 1 tor 


By letting : ix or jx in the series expression for ¢ 


following series will result 


Fig. 43—Periodic functions. 





icvcle is tabulated on the ST and SS scales and the 

1! three quarters can be readily deduced when needed 

r .; the four quarters of the cycle have identical shapes 
Va vebra it ! show! that the Sin ¥ and cos xX series 


: Fig. 47 shows the scale layout in xX appears 
expression can be formed by combining the ¢ ind ¢ ; 


} scale under c 1 degrees set 
series so that for all values of 


»e them. the 


by taking the last two equations and ombinit 
following equation results 


sin” x -- Cos" x | (for all values of 


lt is now possible to show that sin and cos have a trigo- 
metry applic ation. Fron pl ine geometry. the sides of the 


iangle of Fig. 41 have the following relationship 


h resembles sit 
i result of this sin 


1\ potenuse fh. 


plete our picture 
that. when x is zero. 
om Zero, Sin X Increases and 
ws that. if A is Kept constant ana 
srowth of side 


strated and the 


rove! 
pit \ 


mhiy used an 
| 


onless units called radi 


; : 
27 radians 0 


| radiar 
Po re ipitulatecsin x an Oo are periodic Tunctions of 
In a right triangle sin x is equal to the opposite sick 
divided by the hypotenuse ind cos. is equal to the adjacent 


side divided by the hypotenuse where x is the angle meas 


ured in radians. Fig. 45 summarizes these rel itionships and 


defines tangent x (tan x} angel is shown dashed in 
big. 43. 

Sine. The S and ST slide rule scales are used for finding 
sin x when x is given in degrees. Fig. 46 indicates the region 


of the sine curve covered by the slide rule. One quarter of 





nt dt ee 


pene 


Fig. 47—Sine scale layout. 


Fig. 48—Sin 2 = 0.035 and sin 30 


Fia. 50—sin-'(3/6) = 30 





Fig. 51—Slide rule coverage of tangent function. 


the dashed hairline indicates that sin 2 0.035. In Fig 
17 the D scales have been decimalized. but on the slide rule 
this insertion of the decimal point must be done by the user. 
Thus in Fig. 48 the dashed hairline shows the setting for 
sin 2 0.035 and the solid hairline shows the setting for 
sin 30 0.5. 

For angles less than 0.01 radian (0.6 degrees) 
close approximation is given by 

sin x wix< OL) 
where x is in radians. If the angle measure is giver 
degrees, 
sin y = 0.01 74y (y < 0.6 ) 

Thus for all angles the sine can be instantly converted to a 
distance on the D scale. 

Since the distance from the left index represents the sine 
as indicated by the above discussion, referral to the D scal 
is not always necessary. For example. Fig. 49 solves 


> 


) (sin 10) & tsin 3} 0.905 

[(-*+) —(----) + (---) = ( 
and Fig. 50 solves” sin 5 6). In this case 3 
[(---)—-(---) = (— )] is solved first and the 


answer, 30°, is found on the 5 scale opposite 0.5. 


Cosine. Since the cosine is related to the sine by 
sin (x) cos (90 x). when x is in degrees. the cosine 
can be read from the ST and S curves by using the italicized 
numbers instead of the bold face numbers. ( The italicized 
numbers are 90 minus the bold face numbers.) Thus Fig 
19 solves: 

5 (cos 80) * (cos 87 ) 0.905 
[(+-+)-—(----) + (---) = ( | 
Tangent. Ili Tl and ST** scales are used to find tar 
when x is given in degrees. Fig. 51 indicates the region of 
the tangent curve covered by the slide rule. Almost one halt 
of a cycle is tabulated on the T and ST scales and the othe 
half of the tangent evcle can be readily determined by svn 
metry. Fig. 52 shows the scale layout. Tan x appears ot 
the D or DI scale under x in degrees set on the T or 31 
scale. Eight examples are shown by different hairline set- 

tings in Fig. 52: tan 2 0.035. tan 4 0.07, tan 814 

0.15. tan 30 0.58. tan 65 2.14, tan 83 3.15, tan 
65 11.5. tan 89 97.3. These examples should be care 
fully compared with the same tangent settings in Fig. 53 
which shows how they appear on a slide rule. (In Fig. 53 
the CI scale is used as the DI scale that appears on most 
large rules.) No elaborate memory tricks are necessary to 


tell whether the tangent of an angle appears on the D or 
DI scale. for it is only necessary to note that, if the angle is 


printed in bold type (under 45 )}, its tangent value is in 
bold type (D scale) and if the angle is printed in italics 
‘over 45°), its tangent value is in italics (DI scale). In 
Fig. 52 the D and DI scales have been decimalized. but on 


ans ngle whose sine is’’. 


eed f t s 
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Fig. 52—Tangent scale layout. 


the slide rule this insertion of decimal point must be 
by the user (as was necessary in the sine case too) 

One caution is in order here. The tangent that appears 
m the DI scale. such as tan 85°, is represented by the dis- 
tance to the right index. such as shown by the solid red line 

Fig. 53. Conversely. the tangent that appears on the ) 
scale. such as tan 8.5. is represented by the distance to the 
eft index. such as shown by the dashed red line in Fig. 53. 


[wo illustrations of this difference are shown. Fig. 54 


shows the solution of 15 tan 30 6.00 [C+*+) + 
(———) = ( )] and Fig. 55 shows 15 tan 60 
26, (+++) + (—--—-) = ( 
For angles less than 0.01 radians a \ 
tion is given by 
0.0] 


where Y is il 


O.01 74, 
where egrees. For example. 


39.5 tar O.5 


Reciprocal Functions. Cosecant. secant and cotangent 
ire easily read off the rule since they are reciprocals of 
sine. cosine and tangent respectively. So t find cosecant 


1). for example, find sin 50° and then read the reciprocal 
fsin 50 asese 50°. Thus in Fig. 56. ese 50 1.3 1s shown 


1 


by the dashed hairline and cot 65 166 is shown by the 


solid hairline 
The following reference table perm né Caer 


of functions of angles over YO into tur ion f angles 


unde r U0 


Fig. 56—Csc 50° = 1.3 and cot 65 = 0.466 


Reprints Will Be Available 


L pon publicati ot a of “Slide Rule Mathe 
matics” in the April issue of ELECTRICAL MANUFACTURING 


combined reprints of both Parts I and II] will be available 
ans from the Gage Publishing Company. 1250 Sixth Ave 


COs x 


tans an x New York 20. Price dollar per copy: remittance 


where 4 in de with order. Orders are accepted now 





big. | Types of matehed Kovar seals. “All glass” construction 


holding two or more terminals All metal” construction refers 


is the term applied to types employing one large glas- bead 


to the use of individual glass beads to insulate each terminal 


Glass-to-Metal Seals 


Developments in glass-to-metal 


seals in headers for sealed ele 
trical and electronic: components. 
[pplication data for available de 
signs in compression and matched 
seals. Discussion of characteristics 
and performance capabilities and 


limitations. 


JACOQLE COMER 
President and Director Engineering 
L. L. Constantin & Co 


Lodi. N J 


Editor 5 Vote 


Thirty or more companies produce various 
types of glass-to-metal seals and headers. and 
millions of these devices are sold annually 
Yet there is no published data available to 
design engineers to serve as a guide for 
optimum utilization of these components. Per- 
haps this is the result of the strong competition 
between seal manufacturers and the obvious 
reluctance to reveal information which might 
further inerease such competition. 


SINCE THE BEGINNING OF World War Il. wher 

required military equipment to be immune to em 

mental conditions, designers of electrical equipment 
d more applications for glass-t 


quirements tor mussil 


necessity 


ure demand 
Class-lo-meta 
electrical currents into and out 
while providi high voltage breakdow: 
resistivity in a small area. It consists 
which encloses one or more class beads it 
onducte« t locked. the whole assemb 
| 


fused inte 
Is known 


is termi leads. pins or stems 


wuum-tight device Phe 
in evelet or bodv. The 


The editors of Exvectricat MANUFACTURING 
are fortunate in prevailing upon the good 
offices of L. L. Constantin & Co. a leading 
seal manufacturer, to release the information 
contained in this article and one to follow. It 
is believed that this series of articles will fill 
the information gap, at least in part. It is hoped 
that others, whether manufacturer or consumer. 
will be encouraged to release further data as 
a service to all concerned. 

Paut G. Jacoss 
Associate Editor 





Compres-iot 


the pressure 


Glass Characteristics 


thes 
is critical 
be vacuum-tight ! ‘ IS dIssoly 
locked with the boron ilicon oxides present 


olass in a manner that is complete ly understoc« 


resulting hond. howeve1 is not only va uum-ticht 


with proper design, can withstand pressures 


20.000 psi. This type of seal will maintain its vacuum- 
tightness from 65 | 4 C) to 550 F (288 

These are working limits where no parti ular care is taker 
to provide a gradual temperature change. If slow rates 
of temperature change are involved. these parts may be 
used at temperatures from 150. | 100 C) to 


1150 I 620 ¢ 


IP iy 


MAKcH 


L100 F. before brazing or w 
Types of Matched Seals. 
seals were develop . an almost 
ind forms have 
zeneral groups ilustrated 
Fie. 1] These are individua 
multi-headers. The latter are 
tional classes as shown. One is lass constructior 


where there is but one larg ch twe 


é 
more terminals are fused. The other sroup uses a bead 


to insulate each terminal. This is called an all metal con- 
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At first. individual terminals were soldered int 

late for n ultiple lead ipplications This soon d 

ems I fuctior i dl { s] < re I ‘ ‘ 

T m rhe 1} ! ikers seals ille I 
this situat ty cle iu headers K se osl 

tes TW wads eiena. since’ ; ai 
numi i terminals o1 onductors ind reduced the 


solderm operations 


Disadvantages of Matched Construction. | |i 
illov used in matched elass seals s not produced 


yppreciable tonnage. It includes large percentages 


' : 
ilt and nickel. which are costly At a result. the al 


osts between S4 and 5 er pound In order | kee] 
sts with reason. the ust 1 thin metal stampings was 
indicated This did not provide the strength ind the 
ibility to resist shock. vibration ind abuse which users 


demanded Phese obpections sy irke i the devel pment 


and mass productiot f mis-matched r “compression” 


seals 


Compression Seals 


The mis-matched or compression seal is based not upol 


an oxide bond. as in the Kovar Ly pe. but upon the elas 
ticity of glass. Glass does not have a simple chemical 
composition It is actually a mixture of oxides processed 
in such a wavy that erystallization never occurs. Its char 
acteristics are those of an extremely viscous. super-coole 
Glass is stronger than steel in 


has little 


liquid, compression, but 


usable streneth in tension or in shear. The 


theoretical streneth in tension is quit high. but any 


ul 


surface imperfections. even though 


microscopic. reduce 
this strength to almost negligible proportions 

The original compression seal patent® covered a seal 
composed of three metal elements. plus the necessary 
elass. An outer ring of metal surrounds the seal. Inside 
it is a ring of glass. then the round metal mouth of the 
container to be sealed. then another ring of glass and 
finally. the terminal (or terminals) at the center of the 
assembly. 


The coefficient of expansion of the outer ring was 


vreater than that of the other two metal components. 


That of the container was intermediate beween that of 


the outer ring and of the terminals. Since glass is very 
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nu t il slics. s 
i t ix cheapness - 
i hanical str I t j 
une th mv invent t ‘ tat 
t minute leaks. By se ! se leaks 
sult ums. shellacs 5 ~ sta - 
Needless sa resent specifications ru ut ‘ 
sible we { cun hella ! / ta | 
two element compression seal ! use toda must 
rack-Iree to be acceptable By reducing the basic 
irts tw nstead of three mprovir the vlass itse 
ind controllit the dimensions of the body. glass. anc 
terminals within close tolerances, Compression seals are 
ow mass produced that meet or surpass the performar 
of their matched counterparts. Typical compression di 
signs are shown in Fig. 2. Although not drawn to exact 
scale. the drawings serve to llustrate the major Visible 
differences between the matched and the compressi 
tvpes. The retaining ring or outer body must be mucl 
more substantial in compression designs than in_ thy 
matched glass varieties. In the matched seal. vacuun " 
tightness is achieved by the interlocking of the oxides of 
the metal and of the glass to produce a tight bond. hh 
the « ompression seal. there need not be any oxide on the 
metal for most applications. Vacuum tightness is achieved le 


by the large compressive stresses exerted on the olass 


bead by the outer body. with like stresses exerted by th 
elass bead on each terminal. To avoid harmful shear 
stresses. the minimum wall thickness of restraining meta! 
in the body must be sufficient at all points to compress 
the glass uniformly. If this wall thickness is insufficient 
the glass will distend or distort the metal instead. so that 
the glass is no longer in compression. Such a condition 
produces seals which will not be vacuum tight and will 
be fragile as well. In order that the compressive stresses 
within the glass 


should be 


All commercially produced 


be uniform—thus preventing shear 


under service conditions—the glass bead 
circular or oval in’ shape. 
compression seals are made in accordance with the « de- 


sign considerations. 
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Loose neck Hook 
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Art 
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Hook 
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Lsually for } 
Butt Welded 


Provides rigid 


nex 
Plug In 

For a 
Single 


or Double Turret 
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laper Lock 
lo mat AMP” taper conrectior 


Solder Pot 


For in-line 


Phreaded 
Kither rolled or cut threads 
1 requirements 

Splined 
ee 

Double 
To provide me¢ 


rapid force fit assembl f cont 


big. |) Standard types of solid conductor and tubular terminals 


Comparison of Matched and 
Compression Seals 


Figure 3 illustrates some of the differences between the 
two types. Let us assume that we wish to make an in- 
dividual terminal. The finished dimensions of this ter- 
minal shall be body diameter B 1.000 in.. glass bead 


0.5000) in.. diameter 7 


are shown with solid lines, 


diameter G terminal 0.1000 in. 


These At the in- 


stant of fusing. different expansions have taken plac e and 


dimensions 
the diameters at this time are indicated by dotted lines. 
Note that all the components of the matched seal will 
shrink from the dotted size to the solid 
shrinks proportionately. 


size and each 


The compression seal behaves 
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I ur ned Down 


Offset 


I orque Re sistance 


BIMETAL CONDUCTOR 






(Al the abore mav be made with bimetals) 
Flat and Notched 
Copper Core 
TUBULAR 
Straight Cut 
| - 
Flared 
Flanged 
Offers y 
Flattened 
For solder attachment. M 
Lug Tubing 
W ice iriet 1 single ind | gs stake 
Self Lugged 
Deformed tube requires 
sealing-separate g 
iwailable in glass-to-metal seals 
very differently. The outer 1 1 metal has ; 
efhcient of expansion compared t Koval 


mercial equivalents. Fernico. Rodar. Therlo. 
quently, at the instant of fusing. the metal 
have a larger outside diameter than that 


Glass bead 


The 
| + t 


termi ui of the ¢ ompression seal 


responding matched seal. The diameter of the 
both ( 


outside diameter of the 


will he the same in ises. TOI this illustration. 


will expand less than its mating parts 
As these two assemblies cool to 
part 


room temperature. the 


measural 


one on the right will produce a with no le 


stress in any of its elements because all parts contracted 


Anode connection ~ 





proportionately. In the compression seal. however. the 
outer metal ring is exerting a large force on the glass 
bead, which because of configuration, results in a com- 
pressive stress at the interface of 20.000 psi or more. 
Because the glass has contracted more than the terminal 
or pin. a like pressure is exerted at their interface. If 
the difference between Be and Ge is not enough to resisi 
the pressures generated during the cooling cycle. the 
final size will be greater than B,. the desired finished 
dimension. by an amount depending upon the character 
istics of the metal used for the outer ring. 

This characteristic difference can be observed experi- 
mentally if the outer ring of a seal of each type is care- 
fuliv cut. If this ut is made with a narrow saw of 
known kerf width. along a radius. the difference becomes 
apparent to the naked eye. The cut in the matched glass 
seal wall will be exactly the same width as the cutting 
tool. The cut in the compression seal wall will ha 
opened an appre iable amount. due to the release of the 
tension built up in this element. Some designs have been 
produced which involve both an oxide bond ana thi 
pplication of compressive stresses, but they are relativel 
rare and are used only for special applications 

Advantages of Compression Seals. Since il is 
now commercially practicable to make the outer rin: 
of a compression seal from cold rolled steel of low carbo 
content. the designer can specify terminals and multi 
headers of suflicient thickness to provide ample mecha 
ical strength at reasonable cost. Full use of modern tech 
niques of stamping. coining and forming can produce 
seals which simplify assembly techniques since they are 
sufficiently rugged to permit attachment of a complete 
relay or similar mechanism. The designer now has at 
his disposal a wide choice of possible assemblies to 
achieve the desired combination of weight. ruggedness. 


r special performance characteristics. 


Terminal Types 


Whether the requirement - lor 


an individual ter 
minal or a multi-header. a large choice of terminals is 


available in either matched or compression designs. As 


shown in Fig. 4. the greatest varietv exists in. the solid 
conductor types. Figure 4 also shows the six standard 
types of terminals using tubular materials. 

Individual terminals can be furnished with flange: 
¢ from 0.100 to 1.000 in. Multi-header 


diameters vary from 5 In. to as much as 6 in. The 


diameters rangin 








Various types of terminals illustrated in Fig. 4 may be 
used in any of these. Two or more types of terminal 
may be combined in a single multiheader. The full range 
of designs available is almost limitless, but in some cases 
spec ific types have been found to be best fitted to sper ific 
applications. Besides individual terminals and = mullti- 
headers. there are additional types such as  stand-ott 
terminals. which are similar to single terminals but in 
which the center conductor is flush with or slightly be 
low the surface of the glass on one side only. (See Figs. 
ld. le. lf. 2d. 2e and 2f.) A modification of the multi- 
header produces an AN type connector which finds wid 
application as a sealed termination for multi-conducto: 
cables and is becoming increasingly popular as a ter 
mination for sealed devices which must be changed or 
serviced in a minimum of time 

Because radio tube sockets are economical and readil 
available. many seals are specified to mate with them 
There are standard configurations of glass seals match 
ine the 7-pin and 9-pin miniature types and a larg 
varietv to match conventional octal. 9- and 11-pin sockets 


requiring a keved center projection (see Fie. 5 


Performance Capabilities 


Properly designed seals can meet a broad range of 
performance and environmental conditions. Seals can be 
designed to be vacuum tight. or to withstand pressure up 
to 20.000 psi without leakage. The temperature ¢ ipabi 
ities indicated above are broad enough that they can be 
furnished for closure using anv convenient Commercia 
method such as soft solder. hard solder. welding. an 
silver brazing. Since no one design will be optimum for 
\| applications. close cooperation between the designer 
and the glass seal manufacturer is essential during the 
development stages. 

For minimum weight applications. a matched seal is 
recommended as the mass of metal required for a giver 
design is kept at a minimum (refer to Figs. 1 and 2 
However. this limits the designer to one allov that matches 
the glass in expansion characteristics. Where strength 
and ruggedness are prime considerations. compression 
seals are preferred. The choice of metal for the body or 
evelet is much broader in the latter case. Most current 
production uses cold rolled steel. A free machining va- 
riety is specified for turned parts and a suitable steel of 


low carbon content is employed if coining. stamping or 


(Continued on page ” 





All metal All metal All glass All glass 
octal 9-pin miniature 14-pin miniature 7-pin 
plug plug plug plug 


Fig. 5— Plug-in compression type glass-to-metal seals. 
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Effects of Gas Filling 
on 


Rectifiers and Thyratrons 


Commercially available gas-filled tubes 


use either mercury vapor. an inert gas. le. gas-filled 


7 tub th -over potent “ I lectrodes de- 
or a combination of both. Here are the ia Sete oe 
relative merits and limitations of each 

rid-contt ed rectifiers 


Requirements of Filling Agent. 


ih 


{ype of filling and their effects on certain 


tube characteristtes, 


J. s. KIRK and A. M. WOHLERI 


Natvronat Evecrronics. [we 


| | 
e charge normally ence 


Since the negative space 


yroduces a hig drop while the tube is conduc 


its neutralization permits the gas tube to conduct large 


hi 
| 


currents with a low are drop fo obtain maximum neu- vapor filling onl 


curv tubes” will 


tralization of the space charge. there must he enough vas Among the gases that 


t 


l 


density available to permit the formation of a sufhicient irgon have low ionization 

number of neutralizing ions. An insuthcient gas density two of the requirements for tube filling. In addition the 
would permit only partial neutralization and result in an density of an inert gas in a confined volume does not 
increased ar drop. For this reason. there is a lowet varv with te mperature and consequently it was once felt 
limit to the amount of gas with which a tube can be that inert-gas-filled tubes would have manv advantages 


filled. over the metallic-vapor types. As soon as pure xenon was 
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Fig. 1 —Typical mereury- 
rectifier tube. 


Fig. 2—Typical thyratron 
filled with mixture of 
argon and mereury vapor. 
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readily available. a great many types were designed for 
its use. However, other limitations to be discussed later 
made it evident that all the advantages were not with the 
inert-gas-filled tubes. In this article the term “xenon tubes” 
refers to the entire category of inert-gas-filled tubes. 

To take advantage of the best qualities of inert gas and 
metallic vapor. it has become customary to use a com- 
bination filling agent. \Nenon-mercury and argon-mercury 
are the two most commonly used combinations. Figure 2 
shows a typical argon-mercury thyratron. Hereafter. in 
this article. tubes containing a combination filling agent 
will be referred to simply as “argon-mercury tubes.” 

For a gas-filled tube the ratings and characteristics 
most affected by filling agent are maximum voltage rat 
ing. warm-up time (not to be confused with cathods 
heating time}. temperature limits. are drop. mounting 
position. constancy of grid characteristic. and tube life 
In practice. tubes are designed to possess those ratings 
most important to their intended applications and a con 
promise is made on those of secondary importance. hh 
subsequent paragraphs. each of these ratings or chara 
teristics will be discussed in detail and comparisons will 
he made of the effeets to be expected from the three ty pe- 
of filling agents. Many of the ratings and characteristics 
of the hot-cathode. gas-filled tubes are not dependent 
upon the filling agent used. The most Important of these 
ire the maximum d-c cathode current. maximum instar 
taneous peak cathode current. maximum time of avera 
ing anode current. filament volts. filament amperes 
cathode heating time. and inter-electrode capacitances 
These ratings and characteristics are more dependent 


the physical characteristics of the tubes 


Voltage Rating. In order to prevent spurious break 


downs in a gas-filled tube. it is necessary to maintair 
vas density below that required for spark-over at the rate 


voltage \lthough the vas densit no an inert-gas-filled 


tube is independent of temperature nm a mereury 
irgon-mercury tube. the Vapor density ries with the 
Vapor pressure which is in turn a fanetis if temperat 
is shown in Fig. 3. The voltage rating of a mercury tub 


is therefore dependent upon the condensed mercury ter 

perature. By proper cooling. mercury \ pol tubes can be 
designed to operate at a wide range of voltages Labl | 
vives the voltage ratings of various types of mercury tube 
and their condensed mercury operating ranges. as listed 
by the manufacturers. Those tubes rated at very hich 
voltages have a narrow range of operating temperature 
Mercury tubes that are used in the voltage range in which 


most xenon tubes are used. below 2000 volts. can be 


Table t—Operating Voltages and Condensed 
Mercury Temperature Limits for Various Types 
of Mercury Tubes. 


Condensed mercury 
temperature limits 


Maximum Operating 
anode Minimum Maximum range 
voltage deg C deg C deg C 

500 35 +100 65 
1,500 +40 90 50 
2.000 +35 80 45 

10,000 +20 60 40 
15,000 20 + 50 30 


22,000 +30 + 40 10 











Fig. 3 lett (yt iph showing variation of vapor pressure in 
mereury tubs ix temperature Increase- 

Fig. 4 ‘below Temperature rise chart for a typic al mercury 
tube to aid user in determining proper warm-up period 
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Table ll—Effect on Tube Characteristics of Various Filling Agents 





Operating Constancy 

Voltage Warm-up temperature Arc of grid 

rating time limits drop Mounting characteristic Life 
Mercury vapor Wide range up Long Narrow Low Usually must be Varies with Good, no cush- 

to 22,030V. vertical temperature ioning required 
Inert gas (xenon 750 to 1250 volts Short Wide High Any position Constant Requires cush- 
ioning 

Combination Up to 1500 Short Medium Low Usually must be Very little affec- Good, no cush- 
argon-mercury vertical ted by tempera- ioning required 
or xeon-mercury ture 








nternational Standards 
or Motor Dimensions 
Set for Final Approval | 


Stockholm meeting of L.E.C. Subcommit 
ek. a Tee 

tee 2B achieves effective compromises fol 

motor interchangeability between “inch” 


and “metric” system nations. 


Mo. s. HANCOCK 
Delegate. United States National Committee 


INTERNATIONAL ELECTROTECHNICAL COMMISSION 


\ MEETING IN STOCKHOLM of Sub-committee 2B-Dimen 
sions of Motors was held on November 13 and 15. 1957 


, ( eg ine . 
Present were 39 people. Representing the incl dimen 
sions countries were hree p ople trom two countries 
> 1 . i ; 
Representing the metriu dimension countries were 35 
eople from 15 countries. The latter included 12 people 
rom five communistic countrie 
rot Po a 
J 
| 
-_r 
== i } i 
y ‘ 
pl hey An \ 
Fic. 1--Swmbols used for foot-mounted dimensions. The nomen 


clature adopted by LE.C. and used in this report is shown not 
enclosed in parentheses. The corresponding nomenclature used 


by NEMA is that enclosed in parentheses. 
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Letter ballots are now to be sent to the National Com 
mittees of the International Electrotechnical Commission 
overing standards for the dimensions of electric motors. 
It is believed that these standards will be approved. This 
is the culmination of seven vears work. which has been 
reported from time to time in ELECTRICAL MANUFACTUR- 
Table I—Recommended 1.E.C. Standard Dimensions 
of Foot Mounted Motors With Shaft Heights 
112 mm—315 mm 

Dimensions in millimeters, Fig. 1 
H 

LES. 
Frame Nom- Negative K 

No. inal tolerance A B C Max. 
112S$ 112 0.5 190 114 70 12 
112M 112 0.5 190 140 70 12 
HZ. 112 0.5 190 159 70 12 
132 S$ 132 0.5 216 140 89 12 
132 M 132 0.5 216 178 89 12 
132 L 132 0.5 216 203 89 12 
160 S 160 0.5 254 178 108 14 
160 M 1€0 0.5 254 210 108 14 
COL 1€0 0.5 234 254 108 14 4 
180 S$ g 0.5 279 203 121 14 
180 M 80 0.5 279 241 121 14 
180 L 30 0.5 279 279 121 14 
200 S$ 200 0.5 318 228 133 8 
zoo M 20 0.5 318 267 8 
200 L 200 0.5 318 305 33 8 
225 S$ 225 0.5 356 286 149 18 
225 M 225 0.5 356 311 149 18 
225 L 225 0.5 356 356 149 18 
250 $ 250 0.5 406 311 168 22 
250 M 250 0.5 406 349 168 2 
250 L 250 0.5 406 406 168 22 
280 S 280 1.0 457 368 190 22 
280 M 280 1.0 457 419 190 22 
280 L 280 1.0 457 457 190 22 
315 S$ 315 1.0 508 406 216 27 
315 M 315 1.0 508 457 216 27 
315 L 315 1.0 508 508 216 27 

I 











ING It is worthwhile to briefly review the objectives o Lhe prime objective of the U.S.A. delegates has always 
this activity. as well as to vive some of the developments heen to have the NEMA Standards adopted as interna 
Phe cone lusions reached. of course, are the items of most tional standards. They believe that the long. wide and 
Importance successful usage of these standards made their adoption 

The ultimate objective of this standardization activity appropriate. Much opposition deve loped to this. spring 
Was to attain international standards for motors. that ing. in my opinion. from the following: 
would permit) interchangeability of motors wherever Most of the countries represented used the metri 
made. Our NEMA standards for induction motors were <ystem and desired rounded metric numbers. Our 
examples of what was desired. It was at once recogn dimensions did not olVe 
that the problem was so large that if progress were to be 
made. this total objective woulda have to chang 

nited objectives lor the 


mit consideratior 


squirrel-cage motors having iit heights fr bout Table IIl—Comparison of H (Nominal) in 
1) mn ) abo t } xt. the ad Islan 4% hae Tables 1 and il 


NEMA ‘Table 
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Table Il—Recommended I.E.C. Standard Dimensions for Foot Mounted Motors 
With Shaft Heights Between 4'2—12'2 in. 


Inch Conversion Table 


Frame Number Inches 


1.E.C Transition Negative 
Recommended Transition Nomina!”* Tolerance 
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Table iV—Comparison of NEMA ‘’K” Dimensions 
With 1.E.C. ““K Maximum” Inches 


Inches 


1.E.C. Max. NEMA 
469 .406 
-550 -531 
.720 -656 
-875 .813 

1,062 -938 


Many insisted on slavishly using — preferred 
numbers. 

Some thought it unfair if we made no changes 

and expected everyone else to change. 

Failing to accomplish our prime objective. our sec- 
ondary objectives were twofold. that is. to have the 
standards so written that our NEMA motors would be 
accepted as standard and to have any other standards 
developed he as close to NEMA standards a possible. In 
this latter we achieved a high degree of success. 

An [.E.C. nomenclature for certain motor dimensions 
had been previously adopted. In Fig. 1 is shown the 
1.E.C symbols used for the various dimensions. The sym- 
hols shown in parentheses are the corresponding NEMA 
terms. In this article the LE.C. terms will be used. A 
new nomenclature for frame size designation. different 
from that of NEMA will be sent to ballot. This will be 
used in the tables in this article. 

Larger Motors. Jn connection with foot-mounted 


motors having shaft heights in the range of 112 mm to 


Table V—Corresponding Motor Frame Numbers 





NEMA 


182 
184 
185 
213 
215 
216 
253 
254 
256 


283 
284 
286 
323 
324 
326 
364 
365 
366 


404 
405 
406 
444 
445 
446 
504 
505 
506 


515 mm. the 


mension to be 


1.E.C. Transition 


chief discussion c¢ 


used ‘ I 12 


18S 
18M 
1L 
21$ 
21M 
21L 
25S 
25M 
25 L 


28S 
28 M 
28 L 
32S 
32M 
32 L 
36 S 
36 M 
36 L 


>a 
SSsettesss 
r2zvr2gvr2n 


ntered aron 


It was generally conceded 


that any manufacturer would use only two 
for each frame diameter. We 


Table Vi*—Recommended I.E.C. Standard Dimensions for Foot Mounted 


Motors With Shaft Heights Less Than 112 mm 





Series 1 
Millimeters Inches (Conversion Table 
H 
Frame H 
No. Nominal Tolerance A B C K Nominal A B Cc H 
100 L 100 0.5 160 140 53 12 3.94 6.30 2.48 .472 
100 S 100 0.5 160 112 63 12 3.94 6.30 4.41 2.48 47 
90 L 90 0.5 25 5 g 3.54 5.52 4.92 2.20 3.54 
90S 90 0.5 ) 100 56 9 3.54 5.52 3.94 2.2C 5 
80 80 0.5 125 100 50 4 3.15 4.92 3.94 1.97 .354 
71 71 0.5 112 90 45 7 2.80 4.41 3.54 Lite .275 
63 63 0.5 100 80 10 7 2.48 3.94 3.15 1.57 275 
56 56 0.5 90 71 36 6 2.20 3.54 2.80 1.42 .236 
Series 2 
Inches 
H 
Frame No. Nominal Tolerance A B Cc K 

16.5 4'. 5 5 31, 

14 3 4 3 234 

12 3 4 23, 2 

10.5 2° 3 1 2A 
~ bus i \ I 
120 
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1W2L 
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132 L 
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160 M 
160 L 


180 S 
180 M 
180 L 
200 S 
200 M 
200 L 
225 S 
225 M 
225 L 


250 S 
250 M 
250 L 
280 S 
280 M 
280 L 
315 S 
315 M 
315 L 
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Table VilI—Recommended 1.E.C. Shaft Extension Dimensions Series 1, Based on Millimeter Dimensions 





cia innnieepinintiitmimnnaitn aT 


Millimeters Inches Greatest torque* at continuous duty 
Diam Length Diam Lenath Nm lb-ft 
14 30 .5512 1.18 2.8 2.1 
16 40 .6299 1.57 4.5 3.3 
18)** 410 .7087 1.57 7.1 5.2 
19 40 .7480 1.57 9 6.6 
22 50 .8661 1.97 14 10.3 
24 50 .9449 1.97 18 13.2 
28 60 1.1024 2.36 31.5 3 
32 80 1.2598 3.15 50 37 
38 80 1.4957 3.15 90 66 
42 100 1.6535 4.33 125 92 
48 110 1.8898 4.33 200 147 
55 110 2.1674 4.33 355 260 
60 140 2.3622 5.52 450 330 
65 140 2.5591 5.52 630 465 
70 140 2.7559 5.52 800 590 
75 170 2.9528 5.52 1000 735 
80 170 3.1496 6.69 1250 920 
85 170 3.3465 6.69 1600 1180 


Table Vill—Recommended I.E.C. Shart Extension Dimensions Series 2 (Based on Inch Dimensions) 





Inches Millimeters Greatest torque* at continuous duty 
Diam Length Diam Lenath Nm Ib-ft 
6.35 19 
7.85 23.7 
1 9.52 28.5 
1 12.70 38 2.0 1.47 
1 15.70 47.5 4.5 a 
2 19.05 57 “ 6.6 
2 22.20 57 14 10.3 
1 3 25.40 76 8 13.2 
1 3 28.6( 76 31.5 23 
1 3 31.70 86 50 7 
1 3 34.90 95 7 52 
1 j 38.10 111 a 66 
1 4 41.20 122 125 92 
1 5 47.60 143 200 147 
2 E 53.90 162 315 230 
2 7 60.30 181 450 330 
2 7 66.80 200 710 520 
2 8 73.00 219 900 660 
Table 1X—Dimensions For Mounting Flanges Series 1 (Based on Metric Dimensions) 
Millimeters Inches ‘Conversion Table 
Hole 
N Hole 
M Nominal P No. D M N P D 
75 60 90 4 2.60 2.08 3.13 
85 70 105 j 3.35 2.76 4.14 
100 80 120 4 3.94 3.15 4.24 
115 95 140 4 4.54 3.74 5.52 
130 110 160 4 5 5.12 4.33 6.30 .374 
165 130 200 4 11.5 6.50 5.12 7.87 .453 
215 180 250 j 8.47 7.08 9.84 551 
265 230 300 4 14 10.42 9.05 11.81 551 
300 250 350 4 18 11.81 9.84 13.78 .709 
400 350 450 8 18 15.75 13.78 17.71 .709 
500 450 550 8 18 19.69 17.71 21.65 .709 
600 550 660 8 22 23.6 21.65 26.0 -866 
740 680 800 8 22 29.2 2€.8 31.5 .866 
940 880 1000 8 22 37.0 34.6 39.4 .866 
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Table X—Dimensions for Mounting Flanges Series 2 (Based on Inch Dimensions) 





Inches 
N 
P 
M Nominal Tolerance Max. No. 
8 7}, 0.000 9!, 4 
0.003 
10 9 0.000 11 4 
0.003 
12 11 0.000 14 4 
0.003 
16 14 0.000 18 4 
0.005 
20 18 0.000 22 8 
0.005 


Table Xi—Recommended Output Ratings 


Primary preferred output 


Secondary preferred output 
ratings for electric motors 


ratings for electric motors* 


ho kw kw 
.0 
.09 
ae 
.25 
.40 
.60 
1 80 
1 1.1 
2 i 
2 
3 2.2 
3 
5 aut 
j 
7 5.5 
6 
10 7.5 
8 
10 
15 11 
12 
20 15 
16 
25 18.5 
20 
30 22 
25 
410 30 
35 
50 37 
410 
60 45 
50 
75 55 
65 
100 75 
80 
125 90 
100 
15( 110 
125 


only the NEMA lengths. France and some others would 
iccept one of the NEMA lengths. but on most diameters 


wanted one longer length. Russia. with some support. 


wanted four lengths pel diameter: including some longet 
ind some shorter than NEMA. Holland wanted no stand 


ardization of B unless it could be confined to two lengths 


It was finally agreed to send to letter ballot the dimen 
sions shown in Tables I and II 


The significance of these tables should be understood 





Millimeters (Conversion Table 


Hole 


Hole 
D M N P D 
216 184 235 10.3 
254 229 279 13.5 
318 279 356 20.6 
406 356 457 20.6 
508 457 558 20.6 ‘3° 


> 
This proposal. if approved by letter ballot. would me 
that the metric countries have accepted in the L.E.C. star 
irds dimensions A. B. and C that are the sami ti f 
nearest millimetet is dimensions of motors covered 
NEMA Standards. The dimensions H nominal which th 
have aecepted are very close to our NEMA correspondis 
dimensions. as shown in Table IIL. The K dimensions i- 
specified only as a maximum in I.E.C. and is larger thai 
the NEMA corresponding dimension. as she n VTabl 
1\ 

\t the meeting it was stated that we uld eser 
the time when we would change to these values of H and 
K so the conversion table was introduced to include 
NEMA motors as [LE.C. standards until we did elect 
change our H dimensions the small amount required 
match exactly the dimensions in the first table If this 
proposal Is idopted our NEMA motors meet the LE. 
standards. Should we find it desirable later to change 
meet the metric series H this is simple lure 
manufacturing 

Fable V shows the NEMA frame numbers whicl 
form to the inch table. the LE.C. transition frame nun 
ber used in the inch table. and the correspondi I.E. 
recommended standard frame numbet 

Smaller Motors. For foot-mounted motors havir 
shaft heights of less thar 112 mn the recommended 
I.E.C. Standard Dimensions recognize two different series 
able VI. The first is designated as series |. and the 
second as series 2. The latter series is the same as our . 


NEMA Standard. In this case our NEMA motors are ac 


cepted is one of two standards but thev can not readily 
be changed to conform to the metric standard 
Shaft Extensions. It was desired to standardize shaft 


extensions as tar as possible, It was early decided that 


it this time shaft extensions could not be assigned = to 
frame sizes. that dimensions had to be quite exact and 
weceptable in various countries so that a “metric” 
and an “inch” series would be required. and furthermore 
that it was not feasible 


at present to specify that a cer 
tain shaft extension be used with each specific rating 
It was decided to assign to each shaft extension a “great 


est torque 


it continuous duty. This was to be he maxi 


Continued on 
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Electronic Circuit Packaging 
for Missile Applications 





. 
Package design considerations for hig! to 2000 Ss for missiles th somewhat lower initial 
=! K. it assul it | hig Irequency vibrations 
shock and high vibration applications. f the order indicated. General reauirements such as 
Ti Se 7 sults and size and weight efficten . a - use 
cles are described for radial. axial. and 2 Ores 
he | : | ted t 
planar constructions studied under a withstans P . : sure in seal 
Signal Corps development program, SERgS. re Micealalik sah 
t - 14) < the molsture resistal! 
st f ents (Me 06 of MIL Standard 202 
Temperature ¢ 24 s e at 80 F were 
so require Data was des f ling thermal capa 
ind the the i =u t t Val Ss pach 
s. G. BASSLER alata ita ile POR RS IT 
{ =. Anviy Sienant Encinerrine Lasoraronies \ \ 
hort Monmouth. N. J ns igoaaligagsh cack y aren RS ee ee ee 
ective j coedness, + t t vit 1utomat 
ssf techniques was the final devel 
ent models. and printed y it on a multiple 
GRATING AND PACKAGING of printed circuit assemblies a ee eee a a cian diac 
for missile application involves stringent ruggedizatio ( manent Assembly Svekes ACAS) was required. 
requirements. Basic principles and techniques must be S)) Matstavionne vedumemiente wer mited repairabk 
nodified and extended to encompass these requirements ackaces (tt replacement ind expendabl. iiettieeaaie 
\n investigation was undertaken by P. R. Mallory & ia wha gan ndcon tutolouwn dex ace imed at meetine 
Ue Ine ; under Signal | OEPS Contract \i DA 16-U39-s requirements w hye prese ted i! d packaging systems 
* 6445] lo establish practical and effective systems of to meet the separate requirements of hich shock resist 
packaging and integration of printed cireuit: subassem mee and resistance:to hich vibration ‘will I lustrat 
Dblies lor Missile applic ations involving extreme shor k and 7 
vibration * The program included such objectives ah 
ais a a Principles and Techniques 
development of tube retainers and other auxiliary com- Phe aspect of design to meet the ruggedness requ 
ponent mounting devices. the development of techni- ments which are unique to U ipplication will receive 
ques relevant to the requirements of ruggedness. climati particular attention. To present even the highlights of al 
protection, thermal adequacy. minimum size and weight, the design features, principles. and techniques included ir 
and the preparation of a design guide Experience the investigation is not possible ind it is suggested. t 
rround for P. R. Mallory in this study Ie2) those interested, that the final report of the contract be 
Pechnical requirements for the investigation defined secured. (5 
two separate and distinct categories of ruggedness. The Ruggedization to Meet High Shock. In applica 
first category was that of extreme shock in the order of tions where components and materials are subjected to 
20.000 g coupled with 20,000 rpm rotational speeds. ballistic shock. the magnitude of the loads and stresses 
Phis requirement was aimed at establishing design criteria imposed, as well as the response of materials to these 
for Auto-Sembled? electronic gear contained in projectiles loads differ considerably from those encountered under 
fired from guns or similar high shock generators. The static conditions. In determining the magnitude of th 
second category was that of vibration of 20 g from 55 eps : 
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loads under these 


conditions. an 


equivalent-static-load 
method may be applied. with the added consideration of 
i dynamic load factor based upon the shape and duration 


of the shock pulse relative to the natural Irequency of the 


resistive members. However. the failure mechanism 


materials under high-level shock loading is known 1 


differ from that of static loading. produc ing failures and 


stress distribution typical of “brittle” failure. (6) 


In structures where « omponents are well secured. it ma 
be assumed that the natural fre quencies fall above a range 


of several hundred cycles per second. The ballistic set 


back shock pulse exciting these units is generally expected 


to have a considerably longet equivalent period, result 


ing in a dynamic load factor somewhat greater than L.0. 
0. depending upon the exact 


shape and duration of the transient exciting pulse (Fig 


with a limiting value of 2 


Li. The ballistic spin or centrifugal force on internal 


omponents is treated as a rapidly applied load. reaching 
a maximum at the end of the firing period. and continu- 
ing at nearly maximum level during flight. A 
load factor 


dynamik 
of 1.0 is considered appropriate for spin 


loading since. ven- 


arain. the load applic ation period Is 
erally greater than the component natural period and 
well beyond the 1 to 1. t,/t, range. 

In the design of high-shock printed circuit assemblies. 
high impact strength is a desirable characteristic of any 
board material selected. Among the copper clad materials 
with this property are those composed of woven glass 
fiber cloth bonded with epoxy. These base materials also 
have the other necessary characteristics of low moisture 
absorption, high dielectric strength and good dimen- 
sional stability. The !.-in. thick material was selected for 
the assemblies to be described. This thickness appeared 
optimum for the component loads involved, minimum 
package size. and the high impacts. 
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big. | (lett) —Impact load curves: (a) impact loading 
applicable to set-back shock conditions. (b) 


loading 
applicable to spin or centrifugal loads. 
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big. 2--Methods of orienting printed circuit boards in 


i projectile 


In a projectile. printed circuit boards may be orient 


in two ways with respect to the longitudinal axis as 
shown in Fig. 2. The most desirable way. from a rugged 
ization standpoint is to have the « omponents press againsl 
the printed cireuit board under axial shock and unde: 
rotational foree. It is not possible to satisfy both of thes 
conditions in either a radial or axial configuration. The 


condition to satisfy. however. is the one which will mini 


mize the stresses on the component leads or auxiwiary 


mounting devices. 

Rotational tests of components mounted flat against the 
card with their axis perpendicular to centrifugal force 
tending to shear the component from the card. were used 
to deterniine the forces necessary to bend the component 
leads. Components were mounted by their leads only. No 
conformal coating over the « omponents was used. Forces 
to bend component leads ranged from 1500 g for a 2-watt 
resistor to 13.000 ¢ for a 1+-watt resistor. Forces to break 
the leads or component bodies ranged from 5000 «¢ for 
the 2-watt resistor to more than 20.000 ¢ for the !.-watt 
resistor. In static tests the forces required to pull through 
unclincked soldered leads averaged approximately 6 Ib. 
with a maximum of 13 lb. Clinching over approximateiy 

in. of the lead. raised the average force required to 
pull the lead through to 18 lb. with a range of 13 to 25 Ib. 

When properly mounted and coated with a conformal 
coating cf a minimum thickness of »-In. epoxy resin, 
axial lead components up to the weight of 6 x 10 lb 
(2-watt resistor) may be mounted on either side of a 
board to withstand forces in the order of 20,000 g. It is 
still preferable to mount components so that they press 
against the board. With components of greater weight 
this condition should always be met. Conformal coatings 
over the components should be slightly ductile to avoid 
shattering under ballistic shock. An epoxy formulation 
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hig } Vibration transmissibility vs ratio of 


ipplied Vibration frequeney ind <ystem 


mance trequency 


Ruggedization to Meet High Vibration. | 
< ease «< 
-tru ire and a te f 
yo he subiect was reated { er el 
Session 20 IRE National Convention 1955 entitled “Pr 
piles f Circuit Packa ! lor Auto-Seml ind W 
eviewed ef | ire ustrates ¢ lit 
I is the res : { smiss indamp 
~\ste t al i ed ra sta I tud 
/ = the trequen thie ppl rat } “ 
he natural or resonant Trequencey 1 the svsten Lin iti 


I! to Ll. the curves shown in Fig. 4 have been ecaleulated 


showing loading s card leneths tor the lour mechanica 
mounting methods. Considering only the curve at the 
far right which is for a ~-In. glass epoxy card with 
mponent loading 1 OOF ih per sq ou ind a transmiss 
bility factor of L.l it is seen that. the ird length 
slightl: less than | n. For practical card lengths. 
amplification or transmissibility factor greater than 1.1 


will have to be accepted. and increased induced amplitudes 


must be considered in the ultimate design. In structures 
to be diseussed later the transmissibility factor ranged 
from 3 to 5 for the card lengths and component loading 
used. Figure 5 shows the total excursion accompanying 
vibration. Corrective design measures to overcome thes« 
increased amplitudes all involve raising the resonant 
frequency of the assembly through the use of a thicker 
hoard. by supports around the perimeter, or by supports 
it points within its perimeter 

It is possible to reorient inherently stiff, components. 
fixtures, or hardware to improve overall stiffness of the 
hoard. thus raising the resonant frequency. Figure 6 
shows how the thermal sink to which the tube retainers 
are mounted provides three such stiffening members. 
Components should be mounted so their centers of 
eravity are close to the printed wiring board. Vertical 


mounting of such components as resistors. capacitors, 
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and leads, and filling the voids beneath the components 
is effective. The resin used for this investigation was 
Rysol 6020 four parts by weight with Hardner C one part. 
Other compounds may be equally satisfactory. This form- 








ulation applied over all surfaces also provides climatic 


protection. 


Most electronic equipment for missiles will admit of 
relatively litthke maintenance as compared to conventional 
eround and airborn equipments. The number of packages 
making up an assembly should therefore be kept to a 


minimum consistent with fabrication ease or other rele- 


vant technical requirements, One such requirement. 1s 


space allotment. Generally speaking. high-shock missile 


design limits the circuitry to a small space. the geometry 


of which is dictated largely by the size 
Considering only flat printed wirint boards. the designer 
has only two basic geometries to choose from in designing 
for a cylinder of a particular diameter and length. TI 
radial configuration (Fig. 2) best lends itself to larg: 
diameter small-leneth cylinders. while the axial configura 


tion is better suited to long evlinders of small diamete 


As a veneral rule. it appears that fewer decks will be used 


when the deck planes are parallel to the longest dimension 


defining that space alloted. Nevertheless in this investi 
ition an exploratory radial configuration was design: 

for the 57-mm dimension 

High Shock Design 


\ transponder beacon circuit in’ radial 


was selected to be used in deve lopment test models of the 


e and integration systems designed to answer the 


packaging 
requirements for a 57-mm shell. The circuit was section 
lized to provide maintenance at the package level. Figure 
shows these sections. the video amplifier. the limite 
decoder, and blocking oscillator. and the modulator. Int 


ration 1s accomplished by spring pits whi h pass throug! 


evelets in the individual packages. Figure 8 illustrates 


the individual package cards prior 
to encapsulation. The printed circuit 
cards were of copper clad iT 


thick glass-epoxy 


rig. 7 ‘(right)——-Experimental trans- 
ponder beacon packaged in a radial 


contiguration for a 57-mm shell, 





ol the » ojectile. 


DUH) rpm caused only a shitt in some spring 
t I 
configuration 


t \plorator, 








Fig. 6 Nacuum tube heat sinks used to provide additional 


printed circuit board stiffness. 

Epox resin modified with Thiokol was used as the 
ncapsulant. Electrical operation was satisfactory, Test 
firing in a Si-mm T-can at approximately 13.000 ¢ and 
pir s wilh 
10 Visible damage to components other than tubes which 


' 


-uflered internal damave to their elements. This package 


design using complet ene ipsulation Was primarily of an 


nature. A loss of gain in the amplifier was 
noted alter moisture eveline and. under exposure to low 
temperature, a crack developed in the unit subjected ts 
hese tests. It was considered advantageous to emphasize 
lesigns which prov ide some degree of maintenance below 
the package level. Subsequent designs aim at achieving 
uggedness through mounting hardware ind conformal 
atings 


Illustratine the large-diameter. small leneth concept of 





Fig. 8 ‘left 
cards before encapsulation for package 


Individual printed cireuit 


shown in Fig. 7 


Fig. 9 (right)-—-Radial design 
for 155-mm diam package. In- 
tegration is achieved by a series 
of hexagonal brass rods which 
thread into each other. 
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i radial package is the 155-mm system shown in Fig. 9 Package and Integration Efficiency (Per Cent) 
Here automatic fabrication is considered. All component 


bodies are flush with the circuit’ board and terminal rere Mente 
spacings are on the 0.025-in. grid dimension to facilitate 


. , : ; Encapsulated 57-mm package Video Amp Decoder Modulator 
this ass mbly technique. The spring pins pass through (siti seins 18.3 
eyelets in each deck to interconnect the circuits electric- Package weight 26.1 
lly \ series of hey igonal brass rods thread into each ae 99 = 
othe I through holes in} the center of eac h det k and suppoit eee 

each deck at its center, Overali weight 


In this radial system. small components are on the 


nissile-nose side of the boards to minimize stresses on the 


weight 
l 


nt leads. The tube and other large component ckage are 


ntegration v 


mounted throuch holes in each board to lowe: 


ravity and minimize the stresses result- 


il forces ind weight are conserved 


tube assemblies of one 
vy deck as show? 
h a conformal eps 
monents and printed wiring Individual 
ind hardware were enerally satisfactory 
ximately 15.000 g¢ as evaluated by separate dri 
model of this system was fired in a 155-mm she 
unit functioned satisfactorily after firing. Figure 
mws the L55-mm_ shell 


The beacon circuit was also used in demonstrating a 


packaging system employing an axial configuration in the 


y7-mm dimension. The circuit is especially useful here 

since proper operation of each section or combination may 

be determined inde pendently. As may be seen from Fig. ] 

no embedment is used for component support. Rugged- 

ization is achieved by mounting hardware and conformal 

coatings. The coating serves to immobilize the small 
mponents and to provide climatic protection. 

Exposure to 65 C for 24 hr and temperature cyelit 
produced no harmful results. Eleetrical performance of 
the combined units ¢ ompared favorably with the standard 

ht 2nd size efficiencies are given in the table. 
The high-shock resistant tube holder used in the axi 
high-shock assemblies is of particular interest. Two of 
these are visible in the unit to the left in Fig. 11. The tub: 

is made of a cast aluminum shell. an internall 
ribbed silicone rubber sleeve and four mounting serews 
\ hole in the end of the shell accommodates the tube ti 
when the tube is displaced. The tube leads must have 
enough slack to ) ihout scl! tule displacement 


nder shock 


Fig. 10--Test shell and cutaway section showing cavity 
which housed the system under test. Brass shim at right 
was wrapped around the assembly to secure a tight fit 
within the container. It was deformed in the test. 
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High Vibration Design 


\ U-tube fixed frequency receiver circuit (53-me} was 
selected as having the desired degree of complexity for 
test vehicle to exemplify the packages designed to meet 
the high vibration requirements. The first model employed 
a stacked deck assembly with spring-pin integration. 
Figure 2 shows the assembled decks of circuitry and the 
shield decks. One side of the enclosure has been removed 
to allow a view of the interior. Integration is by means 
of spring pins passing through eyelets on each deck 
Some details on the testing of this model may be of! 
interest. A sweep was made through the frequency rangé 
of 55 to 2000 eps to locate resonance points. A) 5-min 
period of extended vibration was given at whatever 
resonant frequency appeared. No permanent damage 
resulted from this test. However. modulation of — the 
output signal in varying degrees was found throughout 
the frequency range. At 300 cps a loss of signal occurred 
which was apparently due to internal shorts within. the 
tubes. Thermal shock and 24-hr exposure at — 62 C caused 
ro damage to the unit. Under continuous operation at 

C the hottest spot (center 5902 tube AF deck) was 

Case temperature varied from I11 C to 120 ¢ 
depending upon location. Maintenance of this package 
may be considered as being at the component level. 
Difficulty was encountered in removing the individual 
decks due to the length of the spring pins as well as the 
numerous screws used to connect the tube thermal blocks 
to the case. While the package met the technical require 
ments. improvement in integration techniques. — size 
efliciencies. and maintenance facility was achieved in a 
second model using drawer type assembly and a differ- 
ent method of interconnecting the decks. 

Figure 13 illustrates this type of assembly designed 
for high vibration applications. Principal construction 
features are the interdeck connectors which are springs 


attached to the side panels, These serve as deck spacers. 


deck supports and as electrical interconnections. This 
arrangement facilitates the withdrawal of any deck. For 
example a single spring attached to one of the side panels 
extends out between two adjacent decks maintaining a 
space relationship between the decks and by bearing on 
etched foil terminal areas on both decks it provides elec- 
trical interconnection between decks. The side panels are 
of copper clad glass cloth epoxy resin laminate. The board 
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Fig. 11 (left) 
for 57-mm beacon circuit package. 
Unit on right consists of modulator 
circuitry and a blank deck; unit 
on left includes video amplifier and 


Axial configuration 


decoder decks interconnected by 
spring pins. 


Fig. 12 (below) Stacked 
printed circuit) assembly 
spring pin integration. 


vuides are aluminum strips riveted to the side panels 
and case to support the edges of the upper and lower decks 
or the integration. The front cover springs bear against 
the front edge of each board for positioning and to secure 
eood thermal contact at the rear of the board between the 
thermal conductors and the case. This assembly allows 
use to be made of all four edges of each printed circuit 
board. Tests show this assembly met) vibration and 
other requirements except for internal tube damage and 
damage to tuneable coils resulting from vibration. 

Figures 14 and 6 illustrate a rugged mechanical 
“clamped-clamped”™ type of assembly. The 9-tube fixed- 
frequency receiver was used to illustrate this flat card 
or planar type of packaging and integration designed 
to meet high vibration requirements. Spring contacts 
on insulating mounting strips interconnect each package 
electrically by mating with button type contacts spaced 
near the side edges of each card. The contacts are visible 
along the edges of the cards. The thermal plates to which 
the tubes are mounted also serve to provide added 
rigidity and stiffening to individual cards as discussed 
earlier. 
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hig. 13° (right Drawer type multi- 
planer assembly. Electrical connes 
tions between decks are made through 
spring contacts on the side panel- 
which bear on terminal areas at the 
edges of the printed cireait board- 


. 1} 


ig. It thelow Flat eard “planar 


is-embly of units shown in Fig. 6 
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Vibration at LO to 55 eps the assembly caused 1 Potal volume of components (100 
Iractures or ruptures High Trequene Vibration with Potal volume of integration 
i ipplied force of 20 ¢g il frequencies from 55 to Overall we ht eficienc 
JOO) cps caused breakage f coil leads at about 400 Total weig = (100 
eps | iby failu es were evident it higher frequencies Pot eg o 
particularly near a major resonant point. 1250 eps 
It has been established that printed circuit) assemblies Acknow‘edgement 
in be designed and fabricated to withstand the high The preparation of t paper o1 h this article ‘ 
shock and vibration forces encountered in missle applica ade poss my se ac cooperation of Clarence Huettn, staff 
tions. The feasibility of ipplying printed wiring techni :, : . e ” & is | Jase \l ! 
. ques to missle and projectile ipplications has been ve ; a wants Bars 4 “7 oe : € 7 eg 
fied. The design engineer has a choice of methods and paper delivered before the National Convent i 
techniques to best suit specific requirements. Mechanical Electr s. June 1957 


ruggedness achieved by conformal coatings alone l= 
reliable in immobilizing axial and radial lead components 
to withstand high shock and vibration. A. satisfactory eri ples of El —— Circuit Packaging,” Exectricat Man 


FAC nc, August 1955, p. 77 
method of mounting subminiature tubes to withstand pO ce cae cg es aa ld paged 
; z \ p I o Inciples and é ques iteg ion ane 
high shocks is available. Studies of the failures of tubes Packaging of Printed Circuit Assemblies.” Contract DA36-039 
and coils under the high vibration phase of this devel- -¢-42468, Final Reports Parts I and II 
opment program indicate the need for further examina- . “Dimensional System for Automation,” Components Depart 
nent Signal Corps Engineering Laboratories, Fort Monmouth, 


tion of isolation methods for tube mounts and the need \. J. Mav 11. 1955 
1. Technical Requirements for Design and Fabrication of Auto 
withstand the rigorous demands of the application. Sembled Equipments (Tentative) dated May 15. 1953 Revised 


for development of improved reliable components to 


Size and weight efficiencies of the various pac kages November 19. 1954. Components Department. Signal Corps 
used in this study are listed in the table. Calculations See ee chp hcemmeervndggha 
». “Principles and Techniques of Integration and Packaging of 
Printed Circuit Assemblies for Missile Applications.” Contract 
DA36-039-sc-64451 
6. “Second Report Firing Test Analysis and Results of SCEI 
Firing Test No. 20.° Components Department, Signal Corps 
Total volume of package Engineering Laboratories. May 10, 1955 


of efficiency (in per cent) were made as follows: 


Package volumetric efficiency 


Total volume of components (100) 
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Detecting Ferroelectricity 


J Pyroelectric crystals 


ferro- 


including 
electric — are internally 
polarized: 


erystal results in a_ net 


charge appearing on the 


crystal faces. 


heating the 





2 Ferroelectrics are 


pyroelectric materi- 
direction of 
polarization can be re- 


als whose 


© 


versed by application of 
an electric field; circuit 
detects ferroelectricity. 


Ferroelectrics 
as Solid-State Devices 


\onlinear diele tru s f ferroeles frics) are 


least applic d 


summary of their properties. mechanisms and applications 


potential, 


RICHARD A. FOTLAND 
Research Supervisor 
Horizons) INcoRPORATED 
Cleveland 4, Ohio 


THE MATERIALS USED IN SOLID-STATE COMPONENTS may 


he grouped into three broad categories: 


tors, (2) 


(1) semiconduc- 
magnetic materials, and (3) nonlinear diele: 
(ferroelectrics). Of these the ferroelectrics are 
least understood and at present have the fewest applica- 
tions. This article will attempt to describe briefly (1) the 


trics 
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the least understood and. as vet. 


general ( lass of matertals lor solid-state de ces, Here Is d que /, 


present and 


{so basic methods of preparation. 


properties ob Le rroelectrics. 


mechanisms of ferro 
electricity, and (3) the applications of ferroelectrics. 
Ferroelectricity Defined. \ 


may be defined as any material which satisfies the fol 


nonlinear dielectric 


lowing two conditions: 
1. Upon applying an electric field E, a displacement 
field D is generated containing frequency com- 
ponents not present in E, 

2. A linear combination of two electric fields does 
not produce a corresponding linear combination 
of the two displacement fields. 
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term “terroelectricity” de- 


= The 


rives from the similarity of 


the hysteresis loops for 
those ot 


materials 


ceTramls 
ferroelectrics to ferro 


magnetic 


and reversible di- 


J Average 


electri constant of 
ba J 1) 


barium 


titanate ceramic 


~ et lasses thes« aAtS < ~ =the 
f -~ met il - | t ~ =ses 
asesc te < netr ( S S 2) f 
| sses that ce I ssess a cent . et t 
A piezoelect stal is one that 
' i| zat \ nO “a fis 
te stress I I these 2] isses | =sCss i ~ 
1} = Is tallo I iXis I re Hivs 
ties 1 the sta ‘ tlere { lepenaing lj 
! nh ene 1 the axis is [1 ewe Crvstals be oil 
isses SSeSs irization along t 
i S 
ternal ifiZ - lue et eparat 
reve as show! n | The t surtace charg 
! these stais is veneral masked | surtace harge- 
| heatir the rystal. the polarization lecreases 
result l i net charge appear nm the stal faces 
Crystals ex ibiting this he mene ire termed Dp 








whose direction of polarization may be reversed by the 
ypplication of an electric field of strength below the 
breakdown streneth of the material. In accordance wit} 
the above. all ferroelectric materials are both piezoele 
tri ind pyroelectric, and all ferroelectric crystals 
long to 10 of the 32 ervstal classes 


Testing for Ferroelectricity. Ihe abov 


f ferroelectric itv is an 


definition 


operational in that it in 


one 


plies an experiment whose outcome determines whether 
or not material is ferroelectric. The experiment ts 
shown in Fig. 2 The horizontal axis of an os illoseope 


is used to display the instantaneous potential across the 


sample since the capacitor is chosen to have a 
than that of the 


voltage | gq ¢ 


mucn 


oreater capacity. ( sample. An in 


stantaneous will appear across the 


vertical plates of the oscilloscope. Since ( is much 
ereater than the sample capacity. the charge q is the 


charge appearing on the sample which to a first ipproxi 


> Initial dielectric constant ws 
e temperature for BaTiO 
bove Curie temperature’ ferro 
ic effects vanish 
~ 7a lit 
t - - { ie We 
rroelect steresis rromagnetic b-H 
steresis is ts e tern le oetectricit 
og t esent lerroelect 
te - 


Properties of Ferroelectrics 


The first ferroelecty t ~ ered R cneie sa 
is roelectr reg QO C. This salt is or 
1 grou tart s. The second group of ferr 
ectrics is posed kali metal dihvdr 
sphates irsel! tes \ tt ( oy up I< represented 
euanidine aluminum sulfate hexahvydrate GASH 
he fourth and most tant group Is comprised 
xvgen octahedra-tvpe compounds. This is the only er 
ol eT ers have ‘ e application, Vembe 
Ss group nelude serera litanates. n obates 

















ates ana sfannates. rconates. gallates. fjenates a 
mixtures or solid solut ther All of the members 
f this group may be prepared in ceramic form. The firs 
discovered and most wide studied member of this 
froup Is BaTiO 

Several definitions are illustrated by the hysteresis 
oop shown In | he nstantaneous dtelecti 
stant is equal to the slope of the | op at any point Phe 
average dielectric constant is equal to the slope of a 
line drawn between the tips of the loop. Reversthl. 


slope of a small second 
high 
voltage. Plots of the 


dielectris ( 


} , ] 
electric constant is dehned as the 


ary loop obtained by superimposing a frequency 
voltage upon the main loop tracing 
d_ reversible 
The 


d-c bias applied to the 
plotter 


variation onstat 
for BaTiO 


constant 


average ar 
are shown i! | io L. reversible dielectric 
Is plotted against the 
spet imen and the average dielectric constant is 
against the peak measuring field. 


The room temperature dielectric constant of cerami 


t 


| 






































































































































1oU 


PLE ERI AL MANET RP ALTE RENE 





Ferroelectric 
Crystal Structure 


$™ 
ay) 
*¥ 


Oo Simple perskovite structure of 
> BaTiO: erystal. 


1 rf 
/ \ 
i 7 — A 
+ A 
~ Sah 
! \ ¥ f/f) 
} {ae 
+ ~— ~ 
f om 
i Se foes, 
— fe ) — * 
k= f=" 4 eo 
hgh 


7 lonic displacements in BaTiO 
that give rise to polar axis. 


BaTiO. is approximately 1700. Figure 5 shows the varia- 
tion of the initial dielectric constant with temperature. 
The lemperature at which the curve peaks is called the 
Curie temperature. Above this temperature ferroelectric 
effects vanish and the material becomes linear and usually 
cubic in structure. 


Mechanisms of Ferroelectricity 


The origin of ferroelectricity is not completely under- 
stood at present. There are at least five different theories 
concerning this facet of ferroelectricity. None of these 
theories completely encompasses all the observations 
however. Rather than describe these theories. the follow- 
ing paragraphs will describe briefly the crystal structure 
and domain mechanics of barium titanate. 

Crystal Structure. Figure 6 shows a model of the 
perovskite structure of BaTi0.. It was mentioned earlier 
that a ferroelectric material must possess a polar axis. 
The small ionic displacements. as determined from nea- 
tron diffraction. that give rise to the polar axis in BaTiO. 
are shown in Fig. 7. These ion shifts expand the struc- 
ture in the direction of the polar axis. The resulting 
structure is tetragonal: being about one per cent longer 
(at room temperature) in the direction of the polar axis 
than in the other two orthogonal directions. By assum- 
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ing that all the atoms are fully ionized, the ionic con- 
tribution to the polarization may be calculate¢ and found 
to be 17 microcoulombs cm?. Since this is only about 
68 per cent of the observed polarization, another mecha- 
nism such as the distortion of the electronic clouds must 
also be present. 

As a sample of BaTiO. is heated. a teraperature is 
reached where the thermal agitation of the ions is suf- 
ficient to overcome the electrostatic forces holding the 
ions at their displaced positions. When this occurs. the 
structure becomes cubic and ferroelectric effects disap- 
pear. The temperature al which this effect occurs (the 
Curie temperature! in BaTiO. is 114 C. By substituting 
certain other ions for barium it is possible to change the 
Curie temperature. A’ strontium substitution lowers the 
Curie temperature in a linear manner and at a rate of 
3 deg C per mol per cent strontium substitution up to 
as much as 60 per cent replacement. A lead substitution 
shows a similar effect in the opposite direction. In this 
case. the Curie temperature is ine reased at a rate of 4 deg 
C per mol per cent lead substitution. The effects of sub- 
stituting several other ions in the BaTiO... lattice have 
also been investigated. From these experimental observa- 
tions. the only definite conclusion reached is that the 
eeometrical size of the substituted ion is not the critical 


variable in determining the Curie temperature. 
Antiferroelectricity. Several 


discovered which exhibit the phenomenon of antilerre- 


materials have been 


electricity. As might be expected. this term is associated 
with a material having neighboring lines of ions polar- 
ized in antiparallel directions. Figure G shows the lead 
ion displacements in lead zirconate (PbZrO..). Other 
materials include WO... NaNbO.. and 


Antiferroelectric materials possess relatively low 


antiferroelectri« 
PhHfO 
dielectric constants (~ 100) below the Curie tempera- 
ture and have high peaks in the dielectric constant at 
the Curie temperature. The presence of antiferroel: 

tricity may be determined by \-ray diffraction (note the 
lack of polar axis in antiferroelectric materials} or by 
the presence of “double” hysteresis loops just below the 
Curie temperature. Figure 9 shows the double loop of a 
ceramic PbZrO 


the electric field provides suflicient energy to induce i 


material. This loop is formed becaus 


ferroelectric state in the material. 

\ similar type of hysteresis loop may be obtained from 
a ferroelectric material at temperatures slightly above 
the Curie temperature. In this case. the electric field 
provides sufficient energy to overcome the thermal agita- 
tion. thereby inducing a transformation from the linear 
to the ferroelectric region. The ease with which an elec- 
tric field may transform an antiferroelectric crystal into 
a ferroelectric one indicates that there exists only a small 
energy difference between the two states. This indicatio: 
is further borne out by the observation that small amounts 
of substitutional ions in either NaNbO. or PbZrO. are 
able to transform these materials to a ferroelectric phase. 
\s little as a 10 mol per cent substituzion of a Group IIB 
element for Na in NaNbO., will cause this transformation. 
\ few per cent substitution of titanium for zirconium in 
PbZrO. also will transform the zirconate into a ferro- 
electric material. This lead zirconium titanate (com- 
monly known as PZT) is widely used as a piezoelectri 
transducer especially where high temperatures are likely 
to be encountered, 


Domain Mechanics. Upon cooling a ferroelectric 
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erystal through its Curie temperature. the cubic symmetry 
changes to tetragonal. It is usually found that the entire 
crystal does not have the same tetragonal axis. but rather 
In one area the polar axis might be along one forme 
cubic axis and in another direction it might be along @n- 
other former cubic axis. Each region in which the spon- 
taneous polarization lies in the same direction is called 
a domain in a manner analogous to ferromagnetic do- 
mains. When a BaTiO. crystal is cooled through its Curie 
temperature, it suffers about a one-half per cent expan 
sion along its polar axis and about a one-fourth per cent 
contraction along the other two axes due to the ion dis 
placements The inevitable inclusion of defects such as 
Impurities, vacancies ind dislocations during the ervstal 
growth tend to set up internal stresses within a erystal 
The domain sizes and orientations are arranged in a 
manner such that the total elastic energy due to these 


stresses is minimized. Another consideration in the for- 


mation of domains is electrostatic in nature ind states 
that the formation of two domains joining in a manner 
such that their polar axes point at each other is ener 
eli ills unlikely The principal difference hetween ferr 
electric domains and ferromagnetic domains arises fri 


the fact that there exists a large stra associated with 


ferroelectric domains because « their large 1 snilts 
ferromagnetic domains. distinguishable be se af the d 
rection t eacl iwtom s unpaired elect S not 
=Sess these rolent aime < il « i es 
erroelect domains BaliO ire east t st 
na thie na el Interparts. since L fre stals 
ire transparent 2) the erystal exh ts different dices 
retract i i\Is iralle i perpendiculal 
thie | its ’ t ‘ © 7 i i < etc} < 
HCI] at lifferent rate than the ‘ s 
' nat is < <= t 1 the eara t I 
hvsteresis loo ste! a | pas 
ssib I init elect ( ~{ t lerroelect 
cle ‘ t ntal work ! Ne il 
‘ ents nal | imics | as | t Ie mer 
I 
| vure 1) st} ss the t I ts a ill Walls u 
| il () ~l = \ A) If all ~ t Na i ‘e-> 
the ¢ ect 1 polarizat ena ts Ab des | if I ) 
( il i es the same notal Caleulat - 1 
ite the thickness 1GO0-dee wall t ipproximate 
¢ thice onstant a wproximatel OOO atti 
stants for the UO-de wall 
lL por applvir in electric fleld across a thin BaTiO 
erystal in which all the domains are separated by |60 


walls and in which all the polarization directions are 


either parallel or antiparallel to the elects field (( 
plate crystal it is found that new domains having a 
polarization direction parallel to the electric field are 


first nucleated and then travel across the ervstal at 


velocity, compat ible to the velocity of sound. This ve 


locity is proportional to the applied field and therefor 
we may assign a mobility to this motion which turns out 
to be about 2.5 em> volt-see at room temperature. 

It is apparent that the creation and migration of these 
domains does not give rise to any elastic restoring forces 
| pon removing the electric field. therefore. the switched 


domains remain in their new position. The hysteresis 


loop of a C-plate is relatively square and C-plates are 


found to be very effective for digital storage applica- 


tion. Because of the lattice expansion in the direction of 


polarization. the movement of 90-dee walls by an elec- 
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Antiferroelectric 
Crystal Structure 


* 


& Lead ion displacements in antiferroelectric 
lead zirconate (PbZrO:); neighboring lines 
of ions are polarized in antiparallel directions. 





¢ Antiferroelectrics display hysteresis at tem- 
- I 


veratures just below the Curie point when 
applied electric field is sufficient to induce a 
ferroelectric state 


Ferroelectric Domains 


M6 Neighboring domains in BaTiO; are 

polarized oppositely or at right angles to 
each other; i.e., separated by 180-deg or 90-deg 
domain walls. A thin crystal with all domains 
separated by 180-deg walls and polarized either 
parallel or antiparallel to the electric field is 
called a C-plate. 
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Comparison Ferroelectric Ferromagnetic 
of application application 
Ferroelectric ae ’ 

High dielectric constant capacitor High permeability inductor 
and Piezoelectric transducer Magnetostrictive transducer 
Ferromagnetic Nonresonant dielectric amplifier Nonresonant magnetic amplifier 
Applications Resonant dielectric amplifier Resonant magnetic amplifier 


Ferroelectroresonant bistable switches 


Ferroelectric storage capacitor 


One possible mechanism for the initial dielectric con- 
stant might consist of small movements of the domain 
walls in the weak electric field. The dielectric constant 
is fairly constant with frequency up to L0OO me where 
it drops rapidly. possibly due to a relaxation of th 
domain walls. 

Fine Particles. particle 
BaTiO, ceramics have shown there exists a region, ap- 
proximately 200A in thickness. on the surface of each 


Investigations with — fine 


particle which possesses a higher tetragonal strain than 
the volume average of the spontaneous strain, Also, this 
strain persists up to at least 800 C and is independent ol 
temperature up to that temperature. Tetragonal region- 
have also been observed on the surface of BaTiO. ervstals 
at temperature above the Curie temperature. Further 
investigations have shown a space charge region approxi- 
mately 2 x 10°* em thick to exist on the surface of BaTiO.., 
crystals. It is hypothesized that this laver is caused by 
the formation of oxvgen vacancies occurring during the 
crystal growth. 


Applications of Ferroelectrics 


\ ferroelectric capacitor may. with a few important 
differences. be considered as the dual of a ferromagnetic 
inductor. The table compares the important applications 
of both elements. 

Limitations. \ basic ferroelectric 
elements is that they are by nature a two-terminal device. 
whereas a ferromagnetic 


disadvantage of 


element may have as many 
terminals as desired simply by adding additional wind- 
ings. Three-leg ferromagnetic cores permit complete iso- 
lation of input and output while with ferroelectric ele- 
ments additional decoupling elements are necessary for 
isolation. Another disadvantage of ferroelectrics in gen- 
eral is the narrow range of electrical properties presently 
available compared to the ferromagnetic materials. It is 
expected that the constantly accelerating research effort 
involving the search for new materials and an under- 
standing of the basic ferroelectric 
rectify this last mentioned defect. 
Material Preparation. Before going into the actual 
applications. the manner in which ferroelectric elements 
are prepared will be described. The preparational pro- 
cedures discussed here are limited to the perovskite type 
ferroelectric oxides since these are the only group of 


phenomenon will 


ferroelectric materials in commercial use today. These 
materials may be prepared either in a ceramic or in a 
multi-domain single crystal form. 


e Crystal growing techniques for BaTiO. have been 


134 





Ferroresonant bistable switches 


Ferromagnetic storage core 


widel, investigated. One excellent) technique involves 
adding BaTiO. (or BaCO., and 1 iO. in equal mol propor- 
tions) to approximately four times its weight of potas- 
sium fluoride. About 0.02) mol per cent) iron 
(Fe.0.) 


order lu compensate for donor ions produced by loss ot 


oxide 
is generally added to supply acceptor ions in 
oxygen during ervstal growth. thereby avoiding high 
conductivity in the erystals. The mixture is heated in a 
platinum crucible at 1209 C for approximately four hours 
and then cooled uniformly to 900 C at a rate of about 
10 C per hour. At this point the liquid solvent (KF) is 
poured off and the erystals are annealed by slowly cooling 
them to room temperature. Care must be taken to prevent 
small temperature fluctuations during the cooling portion 
of the evele or a large number of nucleation centers will 
form. resulting in the formation of many small crystals. 
Enclosing the crucible in a large thermal mass is one 
method of promoting uniform cooling. With care. clear 
erystal plates up to | in. across may be obtained in this 
manner. 

® Ceramic ferroelectric materials are generally pre 
pared by thoroughly mixing the raw materials which are 
These 


BOO to L200 C. 


generally in the form of oxides or carbonates. 
materials are reacted at temperatures of 
The material is then crushed to a fine powder and the 
process is repeated as many times as necessary to form 
the desired compound. This process. known as caleina 
tion. involves a solid state reaction between oxides. The 
actual atomic transportation oceurs by diffusion or plas- 
tic flow, 


milled to a fine powder. A small amount of organi binder 


Next. the reacted materials are ground or ball 


is added to the powder and pellets of the desired shape 
are die pressed, In order to produce thin sheets of the 
ceramic. slip casting methods are sometimes employed. 
The final step involves firing the formed element to vitri- 
fication. In this firing. the larger particles of the powder 
erow at the expense of the smaller particles and the small 
voids between particles are obliterated until a dense. 
low porosity body is obtained. The firing temperatures 
for most ferroelectrics are in the range of LOOO to 1400 
C and the reaction once again occurs in the solid’ or 
plastic stale. 

Capacitors. The capacitance hetween two parellel 
electrodes is equal to the product of the dielectric con- 
stant of the material between the electrodes and the 
electrode area divided by the electrode svacing. For a 
given electrode configuration, the capacity is propor- 
tional to the Jielectric constant. With today’s trend to- 
wards miniaturization, the importance of high dielectri« 
constant materials for capacitors is apparent. At present. 
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the highest percentage of ferroelectrics being produced 
are utilized for capacitors. Many of the familiar disk 
and flat plate cerami Capacitors for miniaturized and 
printed circuits use ferroelectric ceramics 

Some of the desirable characteristics for high dieleetri 
constant capacitor materials that are somewhat difficult to 
obtain because of the inherent nature of ferroelectrics 
Te; 

l. Low temperature coefhicient of capacity 
2. Low nonlinearity and dielectric hysteresis 
}. High dielectric strength. 


loss. 


L. Low dielectric constant agin 


What is desired 


1 is only the high dielectric constant a 


sociated with ferroelecricity 

One method of attaining these above mentioned 
acteristics is to dilute a ferroelectric ceramic with a non- 
lerroelectrl« ceramic. with a subsequent decrease in 
dielectric constant. Another method. developed at this 
laboratory for the Air Force. consists of formit the 


trified ceramic so that the resultant particle size is 
extremely small The highly strained surface laver of 
each particle then makes up an appreciable fraction of 
the total volume. | xperimental capacitors having diele 
ric constants of LOOO and greater up to 250 ( 

ng. nonlinearity. ind temperature coetherent hay ! 


prepared in this manner 


Transducers. The second Jareest market for fer 


electrics Is in the field of acousties. In this field. ferré 
electric piezoelectric elements are utilized su diverse 
ppl tions as cera es vrapl | k irtridges 
ind | nh powe inderwater s ir sducers. Special 
iferials suct is ead metaniobate sod imiun 
late } id zire u tit to | ; ene 
r thes il - Sp | naracte =| s | ssessed 
these 1 ter S clude } ercive fie s } } 1eZ 
electr stants. and | ( e temperatures 
\r ] i zed ] t ctr t } e t e7 
t it is electrostrictive. Electrostrict S mie 
| distort cause the a t tr 
fie ‘ tlect t the { ( es f t ni 
ed j i < the | eu thre tie t} 
hi y this re \ ‘ t S 
i =< ettect & l¢ ¢ hye a4 ¢ i 
I ‘ The | =| t thre S the t 
the fie rt s se elt : ett 
' { } l - t 
\ ferroelect era e rer { eZ t 
t fhe d | 10 t 0) k en Is places i ss the 
f i while the ce s he ited i s Cu 
temperature and then cooled to room temperature. This 
erat ! polarizes he ran t the t r het 
tends to tine the d mains up per ments ! i 1] ecti 


parallel to the field. The permanent polarization is quicklh 


masked by surface charges. If the element. is placed 
under compression, the number of aligned domains de 
creases in order to relieve the stress. When this occurs. 
i voltage appears across the element in a direction op- 
posite to that of the polarizing field. A voltage of the 
opposite polarity arises when the sample is placed under 
extension. Figure 11 illustrates the piezoelectric effect. 
The converse pie zoelectric effect. or the production of a 
mechanical strain due to an applied voltage. alwavs ac- 


companie < the piezoeler tric effect. 


Ferroelectric Transducers 
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Vi I npolarized ferroelectrics are  electro- 


strictive (i.e. expand in the direction of 
applied field) rather than piezoelectric. But after 
“poling” (“annealing™ in a strong electric field) 
the ferroelectric becomes piezoelectric as domains 
line up permanently in directions of applied field 
Compression then causes a voltage to develop 
across the element in opposite direction to polar- 
ization; under extension, voltage of opposite 
polarity arises. 
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Ferroelectric Amplifiers 
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° : : ; 
[2 Basic nonresonant amplifier circuit. 


ne 


14 Resonant amplifier transfer curves 


The magnitude of tl plezoelectric elfect: ts wel 


thre equ illor 
dit 
( 


where Fis the generated voltage. d is the plezoelectri 


moduli. Fis the force applied, and C is the « pacits 
the element 


volt. 


Pypiceal values of d are about 10 meters 


\ high Curie temperature is desirable since cerami: 
heating due to losses is possible at high power levels and 
a high coercive field prevents any reduction of the polar 
ization at high driving fields 

All piezoelectric materials have a natural mechanical 
resonance. Piezoelectric ceramics are not used for fre 
quency control elements because they do not possess as 
high a Q as quartz and. more important. because they are 
subject to large resonant lrequency drifts. The Irequency 


constant for BaTiO. ceramic vibrating in the thickness 


mode is 2.5 me-mm 

One .of the bie advantages ceramic plezor lectric el 
ments possess ove crystal elements is that the ceramii 
elements may be manufactured in any desired physical 
form, 

Amplifiers. The control element in both resonant and 
nonresonant dielectric amplifiers Is a capacitor whose 
capacitance is a function of the control voltage applied 
to the capacitor (Fig. 4). Figure 12 shows the basi 
circuit for the nonresonant type amplifier. The d-c bias 
moves the operating point to the steepest part of the 
C-l) curve. The inductor L isolates the input from the 
high frequeney power supply and the capacitor C isolates 
the input from the load. The input signal changes the 
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° 
3 Basic resonant amplifier circuit. 


ectric capacity. thereby implitude modulating t 
hig Ireqt current flowing through the load mesh 
\ tiki al tite ti mverting the amplituce 
ated signal back to the form of the input are not show 
igure 13 shows the basie cireuit for i resonant ty 


implifier. L and C perform the same functions as 


mresonant implifies The tuning inductor and the fer 
elect capacitor Torm a series resol int) circuit 1 
transfer curves shown in Fie. 14 illustrate the action | 


this circuit. It might be mentioned here t] 
apacitors have been used to frequen 
lators and to drive sweep generators and = panoran 
Power supply frequencies of 50 ke to Lome have hye 
implifiers. Voltage gains of 


approximately one-half to four are generally realized for 


utilized for both types of 
the nonresonant and resonant amplifters respectively 
Since the input is almost purely capacitative. tremendous 


power vains are available. Because of the large tnput 


capacity. however, the input is difheult to drive from 
a high impedance source, Because ot this fact. together 
with the high = drift 


high levels of Barkhausen noise associated with domain 


inherent with ferroelectrics. the 


switching. and the need for auxiliary decoupling net- 
works. dielectric amplifiers are not in’ use commercialls 


it present. 


Switching. Ferroelectroresonant switches utilize the 
variation in average dielectric 


field (Fig. 


matic of the ferroelectroresonant circuit and its operating 


constant with applied 
}) for their operation. Figure 15 is a sche- 


curve. It can be seen that there exist only two. stable 
operating points for this circuit. The circuit may be set 
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Ferroelectric Storage Unit 


Ferroelectro- 


resonant Switch | Ligcos seo | 
peat fs ! 
O ee 
. positive pulse, polariza 


tion of the ferroelectric 
capacitor is reversed and 


large switching current transient results. But when negative pulse 


4 follows negative pulse only a small non-switching transient appear- 
- 
7 —@ Nariation of ¢ ipacity of 
~D ferroelectric with applied 
tield Vie Ids only two stable state- 
in series circuit: switching is ae 17 Ferroelectric storage matrix consists of a C-plate and 
complished by momentarily chang “crossed electrodes each electrode intersection forms 
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Memory Devices. ferroelect < ( < t Ss 
ist appl { é scussed e. BaTiO. ¢ phe ' 
- sa erall i 7 6 s S < . 7 ° 
iit t wil t { 
s J te é sitive Se es ‘ 
. ut ' lov a9 
egalive pulse - laced ! ru | ( s 
el il lis S eceded i =i! t I é 
Duls ead < , esult in a reversal of the References 
; s \- Fert S e, J P 
irizal {ir ! I t ts attendantly la e swil I D> IR 
| et os tI 
reel aint CEs. sce ie atl, seal aie ake “5 . ee 
has been preceded by another negative (write zer pulse W ile Sons, N.Y 
ep zal would not be reversed and a small Technical Reports 
I () ¢ | ~ 
teh current transient would appear at e output . 
sar | S. Dey of ¢ . Wasi 0 2 1). 4 
The nevalive Tlie ised Tor hott reading ind writing } 1) : I 0 W ADC | | 
zero. destrovs the stored one. This phenomenon is know! rt 56-362 (PB 12 < 
is destructive readout rerroelectt Mat ais Su { Parti interest 
: D, ccih =) a ee E ay )  OWAT 
It is possible to repulse the element with a positive EOS Hig , t . . F. Pulvari, WAD¢ 
os a Re 6-167 (PB » $2.00 
pulse upon reading out a one thereby restoring the 1 
| oe * : Dete y Usefulness I \ 
one Phe physical form of a storage C-plate is shown in iret. eNnaient tn Elan Scale Distal. Calculator” &. 1] 
Fig. 17. It is obvious that for n storage elements (one Pulvari. WADC Tech R t 9 (PB 121384, $2.2 
element at each electrode intersection) there are \/2n 
electrodes. This configuration substantially reduces the 
element selection problem. One difficulty encountered No. 714 


with this system is that if a potential difference Tis 





ELECTRICAL MANUFACTURING 
136 ( 





MBS Counting Circuit Controls 
Numerically Programmed Index Table 




















Vagnetron beam swite hing tubes count quarter-revolutions of gear-train master 
index plate to initiate deceleration, stopping and energizing of shot-pin valve to 
lock up the Jacy precision digital index table at programmed index points—to 
nearest minute of arc. Mechanical components take the burden of accuracy: 
maximum mechanical error is 8 see of arc—repeatable within 1 sec. 
C. B. SMITH Fice President, Engineering Pk Jacy picitaL INDEX sysTEM reflects a unique mat 
Mooran Encineesinc Seavice Company riage between long established machine tool practice and 
Berkley. Michigan ; 
contemporary electronic counting techniques Phe prin 
iple of operation is equally applicable to (and patented 
rr} rotary motion about a sinele iXis or multi-axis 
near motion, Initially the principle is being applied to 
olary indexing 
A In its present torm the Jac y system is available as ] 
Th i positioning table. Fig. 1. and programming console 
| 2 i complete piercing machine, including table and 
i rogrammer, or (9) the programmer alone for digita 
ry a sunting control applications 
, System Concept. The Jacy system is quite unlike 
Zz. Known point-to-point or continuous numerical I 
“t system. It is predicated on utilizing the high degree 
precisi which has been established in the machine 
rather than placing the burden of accuracy 
chros. potenthometers or similal feedback data « 
its (and their associated error sensing networks e 


Phe Class I] system herein described is designed to 
ex in inerements of | min of are. ie. within 30. see 
desired ingle Class | systems index ir -min 


ements: Class II] systems are available with a finer 


der of increments. Basi pring ipl is the same 





e664 «(aa 
WWW yyy) 99>)? “ 
~* = 


Jacy shroud) piercing machine equipped 
with 45-in. Jacy precision digital index 
table and mobile programmer that includes 
all controls for both table and machine. 
Iwo irmored, shielded cables one han- 
dling up to 100 control wires; the other 
equipped with a 6-pin AN control for di 
rect coupling to the tran-ducer- permit 
locating console up to 40 ft from machine. 
Control can be set for any number of 
evenly spaced perforations; special eom- 
puting circuit rounds off irrational indices 
to nearest minute of are. Part shown is a 
J-79 turbine stator band fabricated from 
“ellite alloy, 
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three except that additional elements are required lo 
increased accuracy and indexing speed is somewhat re- 
duced 

The major design objectives realized are: 

@ Over all maximum mechanical error of 6 see ot are 

reper atable within | see at each index point. 

¢ Provision for table lock up at each index point to 
maintain position against machine tool load. 

e High speed point-to-point indexing and automati: 

f 


deceleration to a dead stop with no hunting for precis 


hocatior ince xX is sec: com- 


(average time for 30-des 
plete cvele on a shroud piercing machine. including tims 
to index. lock up perlorate and initiate new 


iVes oO set 


In addition to these mechanical features, the electri 
circuitry provides 

®@ Automatic rounding off « rrational indices t 
est minute 

@ Klectrical lockout and fail-safe shutdown upor 

idence of Input program and table excurs 

® Manual. semi-automati ind automat peratior 

cluding associated machine contr: 


Mechanical Design. Basically the mechanical p 


tio ol this svstem uses a wo! indd worm wheel Dat 


lig ‘ a} tary ment { thy 
! master quatit r ttre ve ’ 







Fig. 2 Internal view of drive mechan- 
ism for hydraulically powered table. 
Arrows point to: (a) valve-actuated 
shot-pin engaging master index plate 
lo lock-up table: 
transducer which emits a pulse to 


b) proximity type 


the counting cireuit with the passing 
of each index lobe to indicate a table 
index of | min of are. A’ second 
proximity transducer (monitoring to 
the “paddle wheel” next to the master 
index plate) serves to lock out the 
shot-pin valve if slow down is not 
achieved. A third transducer checks 
location of a dog on the helical gear 
for zeroing the table before an index- 
ing sequence. 
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table. Fig. 2. The worm wheel is integral with the table 
and the worm and wheel conjugate on the dual lead prir 
ciple. This not only eliminates any initial backlash from 
the system. but also compensates for any backlash crea 
by wear. without affecting the conjugation. Further. sin 


ole actually two helix 


the worm has a verv low helix ar 
portion of the 


thread is slightly different from the exit helix angle). th 


ingles: the helix angle on the entrance 


tooth form tapers slightly from one end to the othe 


stopping the table n any position 


Vherefore. auto- 


matically effects a lock between the worm and the worm 


wheel, consequentiv. locking and positioning the table 
All of this is dependent. f course. on a backlash-fre 
elationship. Since the y niugates with the whe 
two different pitel eters. the worm can be pr 
ided lly a . oad , a 
earance ] Iso sire terference it betwe 
| ' ' +} 
' ; I, worm is fatted so that 
& } he t the ¢ = t 360 dee tact = 
' } 
oh spots finitesimally small t 
] 
ks whi inning S ind then readjuste 
| tt 
Zt iKlashi tl i ] 
| lete the nec + ft = «vsten t} 
' ' ‘ < Pg Ti; t 
Fig Electrie-motor operated 24-in 


Jacy table. Motor rear center drive- 
through an eddy-current celuteh which 
provides infinitely adjustable -peed 


control between 0 and 3400 rpm 
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mpute yste 
ae 
\ 
4 7 
m—@—_ itt H+ as —— 
| | 
hig. 3 Counting cireuit 
registers pulses received 2 | | | 
from proximity — trans- 2 ' | 
ducer to initiate decelera- : y 


tion and shot-pin drop “7 ve 
signal. Decimal minute- 5 1 | f 11Shotr 





accumulator functions t O ic 
“round off index to near- > lz 
est minute ot are tor | z 
irrational indices see | | 

Fable I 
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quadruple lobe master index plate. Each quarter revolu- 
tion of the index plate represents 1 min of table move- 
ment. The input to the control system is through a trans- 
ducer. of the proximity type. which emits a nulse fot 
each minute of table revolution (i.e. the passing of each 
lobe of the index plate) to the electronic counting system 
that determines the desired index locations. As each in- 
dex is completed the system is mechanically locked in 
correct position by energizing a shot pin with a correct 
lobe of the master index plate. Maintenance of correct 
position against external machining loads is assured by 
holding the master index plate under load while in any 
predetermined location. 

Counting Circuit. The transducer feeds a positive 
pulse for each minute of are rotation into a specially 
designed predetermined electronic counter, equipped with 
five counting decades that record in minutes of arc from 
zero to 21.600 min. or 360 deg. Also recorded are the 
irrational or uneven increments, to the third significant 
decimal place. by virtue of the three counting decades 
positioned to the right of the minutes decades, Fig. 3. 
In this manner the system may be programmed for both 
minutes and decimal minutes of arc. 

In addition a decimal minutes accumulator counte: 
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’ 
progressively records any irrational or decimal remaii 
ders and totalizes these progressively in each index for 
two purposes: (1) to eliminate errors due to the progre- 
sive accumulation of these remainders: and (2) to ex- 


amine the total at any point between zero and unity and 


decide automatically whether the remainder is closest to 
the preceding or succeeding minute of are. In this manner 
even with the discrete positioning limited mechanically 
to | min of are. nevertheless. irrational indices can always 
within the computer. be indexed within a total of 30 se: 
of true position. Obviously. then irrational quantities 
which present no remainder always index into true posi- 
tion. Consequently, because of the foregoing features. 
the Jacy system has infinite resolution between zero and 
360 deg. or between zero and 21.600 min. of are. 

As shown in Fig. 3. the electronic logic functions are as 
follows: The master index plate is rotated by its prime 
mover. either an electric or hydraulic fluid motor. and 
each quarter revolution produces a positive pulse by 
virtue of interrupting a continuously oscillating signal. 
which in turn is amplified and fed inte a pulse input 
control unit. Here the pulses are reshaped and fed through 
an input gate to drive the first of the five cascaded pre- 
determined minute counters. These are cascaded to record 
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iy Console control panel has two ro of Nixie indicating lamp-. Lower 

row indicates th desired index: upper ro indicates the minutes of 

remaining tor a particular indexing operation Light- are set by ine 

pushbuttons immediately above lower row. Pilot light (right foreground 

monitor index evel Pu-hbutton- center toreground coordinate auxiliar 

equipment and interlock the table with the tool on which it iz mounted. Le 

foreground is the index counter whir i- -et for the number of time- 

particular index is to be repeated. Example: for equally spaced indice 

the index counter i- set to 69 and the Nixie light- are set to [03] 13 (tron lig tized decade ec ter in- 
able 1 As each index progresses. upper row of lights counts down to zero lude » Nixie indicating lan 
Internal cireuitry keep- the cumulative count rounds. off the decimal minute- nagne beam -witehing tube. pro 

-ee Table Il ind reset- the upper ro { light- tor each of the subsequent gramming pushbutton and rotar\ 
68 indices tepping iteh 

its. tens hundreds. thousands. and tens of thousandths slowed down before shot-y = enereize 

f minutes. The output of the decades. in turn, is fe it irrational Numbers. \: eg ng of an inde 
the system computer to provide a programmed decelera the reset signal permits a free ru « multi-vibrator 
t -lena i shot ndrop signal. a final count = i} ana insmit signals into al ~ vat ind the throug 
i unt ul satet - il \ |} it these s I ils ire ! the dual impiihers I the I ed daecimal nutes 
1 1 relay « -ures, ( ounting ind computing = per ounter decades and simu ~ thie ce imal 

rmed on the comple ment of nine svstem however the ites accumulator decades ~ ilses are permitted 
readout is conventional decimal hence count indicat flow until a predetermined 1 he decimal counte 
lescends to a base of zero. Since zero corresponds to the triggers a count stop gat en feeds back through a 
final count out or “locked” position. then the shot-pin cathode follower and count st memory to close tl 
drop signal is anti Ipated ind supplied one count before oscillator gate. Simultaneous! urse. this stops 
zero. and the deceleration count signal is provided at a pulses eeding into” the wecu ilat decades. Conse- 
predetermined number of counts ahead of zero. The quentiv. al the beginning eat ndex the wcumuU 
latter is an adjustable control programmed through sele¢ tor is fed a discrete number ilses. according to the 
tor switches that regulates the amount of slowdown program in the prede termined decimal minutes counters 
number of counts isa function of speed, size and tvp This enables the accumulator decades to store a progres- 
of table being controlled. also whether it is hydraulic o1 sive total. with remainders above 0.500 permitting 
electrically actuated. additional pulse to be fed into the pulse input contr 


At the of index the table accelerated to 


maximum velocity and then at selected points decelerated 
to 


start an 


a uniform creep speed prior to lock up. Functionally 
this is performed by a relay contact closure operating a 
power relay. and. in the case of the hydraulically actuated 
table. the power relay energizing a solenoid to shift the 
variable delivery pump from intermediate to low volume. 
In a similar fashion. the shot-pin drop signal (a relay con- 
tact 


quently the solenoid of a dire¢ tional valve to energize the 


closure) also energizes a power relay and subse- 


hydraulic cylinder that actuates the shot-pin. The shot-pin 
lock up actuates a limit switch which along with the final 
that 
a power relay initiating any external cycles or functions. 


count signal is. coincidence of the two) actuates 
(As a safety precaution, a second proximity coil is used 


to verify that master index plate speed is sufficient, 
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unit. This. in turn. allows the master index plate to make 


r 
I 


an additional quarter re volution. o 


on 


e minute additiona 


table movement. The physic 


al control of this function 


a carryover memory in the pulse input control unit whicl 


in turn doses the input gate and blocks one pluse from 
the units decade of the minutes counter. 
Programming Console. The console top. Fig. 4 


contains all the electrical controls 


as well as two sets 
Nixis! for Each 
predetermined counting decade unit is iden- 
tical. Fig. registering the 
present decimal digit for that particular stage. the other 
for registering the nine’s complement of the position of 
the magnetron 
performs the actual counting. 
Pre 


lower 


numerical 


indicating tubes 


readout. 


electrically 


». and has two Nixies: one for 


Burroughs) beam switching tube that 


mming is visually recorded on both upper and 


Nixies. 


of are. An example would be a machining operation which 


in terms of minutes and decimal minutes 
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of are. An example would be a machining operation which 
requires 69 equally spaced points around a circumfer- 
ence. A chart is supplied (Table I) which gives the 


Table I—Index Increments for Equally 
Spaced Indices 





No. of Each index, No. of Each index, No. of Each index, 


indices min. indices min, indices min. 
1 21,600.000* 68 317.647 134 161.194 
2  10,800.000* 69 313.043 135 160.000* 
3 7,200.000* 70 308.571 136 158.824 
4 5,400.000* 137 157.664 
5 4,320.000* 71 304.225 138 156.522 
6 3,600.000* 72 300.000* 139 155.396 
7 3,085.714 73 295.890 140 154.286 
8 2.700.000* 74 291.892 
9 2,400.000* 74 288.000* 141 153.191 
10 2,160.000* 76 284.211 142 152.113 
77 280.519 143 151.049 
11 1.963.636 78 276.923 144 150.000* 
12 1,800.000* 79 273.418 145 148.966 
13 1,661.538 80 270.000* 146 147.945 
14 1,542.857 147 146.939 
15 1,440.000* 81 256.667 148 145.946 
16 1,350.000* 82 263.415 149 144.966 
17 1,270.588 83 260.241 150 144.000* 
18 1,200.000* 84 257.143 
19 1.136.842 85 254.118 151 143.046 
20 1,080.000* 86 251.163 152 142.105 
87 248.276 153 141.176 
21 1.028.571 88 245.455 154 140.260 
22 981.818 89 242.697 155 139.355 
23 939.130 90 240.000* 156 138.462 
24 900.000* 157 137.580 
25 864.000* 91 237.363 158 136.709 
26 830.769 92 * 234.783 159 135.849 
27 800.000* 93 232.258 160 135.000* 
28 771.429 94 229.787 
29 744.828 95 227.368 161 134.161 
30 720.000* 96 225.000* 162 133.333 
97 222.680 163 132.515 
31 696.774 98 220.408 164 131.707 
32 675.000 99 218.182 165 130.909 
33 654.545 100 216.000* 166 130.120 
34 635.294 167 129.341 
35 617.143 101 213.861 168 128.571 
36 600.000* 102 211.765 169 127.811 
37 583.784 103 209.709 170 127.059 
38 568.421 104 207.692 
39 553.846 105 205.714 171 126.316 
40 540.000* 106 203.774 172 125.581 
107 201.869 173 124.855 
41 526.829 108 200.000* 174 124.138 
42 514.286 109 198.165 175 123.429 
43 502.326 110 196.364 176 122.727 
44 490.909 177 122.034 
45 480.000* 111 194.595 178 121.348 
46 469.565 112 192.857 179 120.670 
47 459.574 113 191.150 180 120.000* 
48 450.000* 114 189.474 
49 440.816 115 187.826 181 119.337 
50 432.000* 116 186.207 182 118.681 
117 184.615 183 118.033 
51 423.529 118 183.051 184 117.391 
52 415.385 119 181.513 185 116.757 
53 407.547 120 180.000* 186 116.129 
54 400.000* 187 115.508 
55 392.727 121 178.512 188 114.894 
56 385.714 122 177.049 189 114.286 
57 378.947 123 175.610 190 113.684 
58 372.414 124 174.194 
59 366.102 125 172.800 191 113.089 
60 360.000* 126 171.429 192 112.500 
127 170.079 193 111.917 
61 354.098 128 168.750 194 111.340 
62 348.387 129 167.442 195 110.769 
63 342.857 130 166.154 196 110.204 
64 337.500* 197 109.645 
65 332.308 131 164.858 198 109.091 
66 327.273 132 163.636 199 108.542 
67 322.388 133 162.406 200 108.000* 
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number of minutes and decimal minutes of are for each 
index. In this case the setting would be 0-0-3-1-3.0-4-3, 
that is, 21.600 divided by 69. This is punch keyed into 
both sets of Nixies by depressing a button adjacent to each 
bottom Nixie. a number of times equivalent to the numbet 
wanted, that is. six depressions for six. ete. ( Nixies 
register 0 to 9). The three Nixies to the right of th 
decimal point. register decimal minutes of are. Minutes 
appear on the Nixies to the left of the decimal point. 
When indexing starts. the decimal minutes of are in the 
upper row of Nixies are transferred to the accumulator 


decades in the console and ¢ omputed, Table IL. These 
Continued or page Jd2 
Table !i—Counting Pattern for ‘Equally Spaced” . 
Irrational Indices 
Example: For 69 equally spaced divisions, the require \ 
nent is (from Table 1) 313.043 min per index. Assuming the 7 ° 
lecimal-minutes-accumulator counter registers O.500- at 
(equal to maximum error) the table indexes 313 min for * 
first index. the minutes counter registers 0.543 and the remainder, 
wodifference between required and actual position, is —0.043 mit 
The remainder builds up in 0.043 min increments unti 
omes greater than 0.500 min (Index No, 12 below) and the 
ounter gates an additional pulse to index the table 314 1 
Remainder is then 0.1484 min. On sucecesive indices, rer 
again build- uy I 0.043 min increment to gate ar iiditio 
el ; it Index No 
Actual Accumu- Re- 
Required accumulated lated mainder, 
No. accumulated displacement total & min.* 
of displacement, of index spillover, over (-+) 
indices min. table, min. min. under 
0 000.000 009 0.500 0.000 
313.043 313 0.043 
1 313.043 313 0.543 0.043 
313.043 313 0.043 
2 626.086 6256 0.586 0.086 
313.043 313 0.043 
10 3130.430 3130 0.930 0.430 
313.043 313 0.043 
11 3443.473 3443 0.973 0.473 
313.043 314 0.043 
12 3756.516 3757 1.016 0.484 
313.043 313 0.043 
13 4069.559 4070 0.059 0.441 
313.043 313 0.043 
33 10,330.419 10,330 0.919 0.419 
313.043 313 0.043 
34 10,643.462 10,643 0.952 0.463 
313.043 314 0.043 
35 10,956.505 10,957 1.005 0.495 
313.043 313 0.043 
58 18,156.494 18,156 0.994 0.494 
313.043 314 0.043 
59 18,469.537 18,470 1.037 0.463 
313.043 313 0.043 
60 18,782.580 18,783 0.080 --0.420 
313.043 313 0.043 
69 21,599.967 21,600 0.467 +-0.033 
*Difference between required and actual displacement of index table. 
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Transparent Electrically 


Venu procedure dese ribed for depositing ( 

highly transparent. electrically conductive 

coating that may be applied at lou fem- 
ratures. Properties of th 

peratures. Properties of the coatings may 

he controlled by varying proportions of 


the metals used. rate of evaporation. tem 


perature, pressure and oxygen content ol 


14] 
Conductive Coating 
him torm than in the bulk for! In some ises, howeve! 
i the film is deposited on another film with a preierred 
structure and compositior i much greater percentage 
the bulk conductivit f the metal is retained ever 
extremely thin films 
The preferred materials upon which the metals are de- 
osited can themselves ipplied in films exhibiting 
high transparency These materials usually are oxides 
sulfides », 4 The material most commonly applied 
to these substrate coatings is gold. although other metals 
can be used. Gold itself exhibits fair transparency and 


the high-vacuum processing atmosphere. 


bt. R. OLSON and bk. H. LOUGHER 
BaTTeLLeE Memoriat INSTITUTE 
(olumbus, Ohio 


[HE MOST COMMON transparent conducting 


coatings a! 
if two types: metal oxides and composite lavers of meta 
in a metal compound, It has been known for some time 
that several oxide coatings used for decorative purpose- 
in the ceramics industry exhibit a certain amount 


electrical conductivitv. During recent vears. three con 
pounds in party ular have been found to have appre iabl 
onductivity. These are tin oxide, cadmium oxide and 
ndium oxide. Films of these materials have high ele: 
trical conductivity parti ularly in the lavers adjacent 
to the glass surface. These films also have remarkab!\ 
high transparency. even in thicknesses of thousands 

ingstroms. This high transparency makes these oxide 
films particularly attractive for optical purposes, Oxide 
films of this type are most commonly produced by a 
method involving decomposition of solutions or vapors of 


halide salts of the metals on a hot ceramic or glass surtacs 


the presence of air (/, 2 

The second type of transparent conducting coating 
evolved with the advent of high-vacuum techniques for 
deposition of metallic films: many metals can be pro- 
duced in films thin enough to transmit a limited amount 
of light. Normally. metal films evaporated onto glas- 


substrates exhibit considerably 


lower conductivity i 
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conductivity in thin films. Wher ipplied to oxide coat- 
} 
i 


es such as bismuth oxide 1 marked improvement 
in conductivity and transparency can be achieved. It has 
been proposed that the increase in transparency results 
Irom the tact that the meta satings are more nearly 
ontinuous than wher ipplied directly to glass oho 


This explanation is based on the fact that thin metal 


films usually are composed 


ot widely separated partic les 
which are responsible for diffraction of the light and, 
hence. poor transparency. When the metal films are 
made more nearly continuous. the diffraction is decreased 
ind high transparency Also. by virtue of the in- 
reased continuity and. probably, because of the preferred 


itomic orientation of thin films. conductivitv is greatly 


results 


neve ased 


The primary advantages metal transparent ¢ onduct 


ne coatings are their high conductivity and the low 
temperature necessary for application to substrate sur- 
faces. On the other hand. their transparency is intferio 


» that of the oxide-tvpe films 


lo develop a coating ymbining high transparency. 


ow temperature of appli ition and high electrical cor 
dertaken at Battelle Memoria 
Institute under the sponsorship ot the Materials Labora- 
tory of Wright Air Development Center 


luctivitv. research was ur 


Requirements 

the coating were to include about 85 per cent trans 
nittance of white light. an application temperature well 
velow the distortion and strain temperature of the glass 

which it was to be deposited and resistance not t 
xceed 100 ohms per square 

The coating described in the research project Was 
developed for the purpose of preventing formation of 
fog. frost and ice on aircraft windshields and side panels 
hy means of resistance heating in specially designed 
units. However. other applications of the coating may 
he visualized. Other possible uses cauld be as an anti- 


static coating for electrical instrument windows. trans 
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parent electrodes for photosensitive devices. particularly 
those employing heat-sensitive materials such as selenium, 
and iaboratory equipment. such as environmental test 
chambers. in which viewing ports tend to fog. The high 
infrared reflectivity of the coatine suggests its use as a 
transparent heat filter. Other useful fields of investiga- 
tion for utilization of these coatings could be in the mam 
faceted needs of military equipment. 

The process which was developed in this research for 
with the 


sists basically of two steps 


producing films desired characteristics con- 
Indium and tin metals are 
evaporated simultaneously in a low-pressure atmosphere 
of oxygen and deposited on glass plates. The coate d plates 
are then heat treated in air. resulting in the formation ol 
a transparent. conducting oxide film. 
Properties of the depend on the 


under which the films are produced and. to 


films conditions 


some extent 
on the proportions of indium and tin metals in the film: 
The process used for preparing these films is described 
in the following paragraphs. The particular conditions 
chosen were found to be suitable for producing films 
with the required characteristics on a lime-soda window 
glass. Films with other characteristics. or application of 
films to substrates other than glass. may require selec- 
tion of a different set of processing conditions. 

\ glass plate is supported horizontally at a distance 
of about 15 cm above the evaporation source. a graphite 
crucible with a center depression containing indium 
metal and a concentric ring depression containing the tin. 
Surface areas of the metals in these two depressions are 
dependent upon the size of the depression. During evap- 
oration the vapor density of the two metals. and conse- 
quently the percentage composition of the deposited 
film. is determined by the surface area of the two molten 
metals and their temperature. For coating of large panels. 
the plate is located so that the source is not centered 
below the plate. but is offset to one side. By rotating 
the plate on a vertical axis. a uniform coating can be 
deposited. Oxygen is fed continuously into the vacuum 
chamber during the evaporation, with the pressure being 
held at about 1 micron by regulating the pumping speed 
and the oxygen leak rate. The evaporation is continued 
until the film resistance is about 5.000 to 10.000 ohms 
per square. Evaporation time ranges from 30 to 60 min 
The deposited metal film is then removed from the 
vacuum chamber and placed in an oven maintained at 
a temperature of about 200 C. 


usually 


Minimum resistance is 
achieved in the first 20 min during conversion 
of the metal to the oxide film, but to achieve maximum 
transparency an additional 1 to 10 hours of heat treat- 
ment is required, 


Before overcoating 








Reflected color 
and order 


Transmittance, 


Film per cent 











Electrical and Optical Properties Of Indium-Tin Oxide Films With Antireflection Overcoatings 


Overcoating 
material 





Antireflection coatings were produced on some ot the 


films by evaporating either magnesium fluoride or silicon 
monoxide from a tungsten boat at a pressure of about 
2x 10° mm of mercury. These depositions were mo.- 
observing the reflected color of the films. Thi 


color. as 


itored by 
reflected optical 
effects. determines the resultant transmitted color. sin 


absorption is small. Since it was desired that the trans 


determined by interferenc 


mitted eolor be peaked in the ereen portion of the 
spectrum. the antireflection coating was applied in a pr 
ferred thickness. such that the reflected color was pink 


or violet. resulting in 


Durin 


relatively slow 


a green transmitted color 


evaporation of the silicon monoxide a 


evaporation rate resulting coatir 


was essentially converted to silicon dioxide, 


was used so that the 


The accompanving table shows some of the optical ar 


electrical properties ol films with antireflection ove 


coatings which are 


representative of the results achieved 


It may he observed that application of the antireflection 
oatines resulted in an 


increase of transmittance of 


several per cent. with transmittance values as high as 


oO per cent heine achieved. By wav of comparisor th: 
transmittance of the uncoated glass was approximately, 


Oo 


per cent. Resistance values ranged from 50 to 100 


ohms per square for these particular films. 
Other 


and not shown in the table. had even lower 


films. not coated with antireflection 


materials 
resistance 
values: as low as 20 to 30 ohms per square. These films 
to those 
table before overcoating. The films have good adhesion 
and good abrasion resistance. Rubbing the films with 
an abrasive-type rubber 


had transmittance values similar shown in the 


with a 
force as high as 2.2 lb did not damage the films or change 
their basic characteristics. 

The films have good stability under electrical load. A 
voltage sufficient to dissipate 1300 watts per sq ft was 


eraser for 20 evcles 


impressed across the films while a surface temperature of 
120 C was maintained by blowing a stream of fast-moving 
air over the films. These tests. conducted for 150 hr of 
continuous operation, resulted in changes in resistance of 
not more than a few per cent. A temperature coefficient of 
less than +0.08 per cent per deg C was measured for 
several films. 

trom 
100 to 1000 millimicrons were determined for one speci- 
men by personnel of the Materials Laboratory, Wright 
\ir Development Center. (See graph.) The thickness 
1400 angstroms. Films 
with thicknesses as high as 7000 angstroms exhibited in- 


Transmittance and reflectance for wavelengths 


of this film was approximately 


tegrated transmittance values of equal magnitude 
The infrared reflectance of one specimen was meas- 


After overcoating 





Transmitted 
color* 


Transmittance, 
per cent 


Resistance per 
square, ohms 





547-16 Blue-2 77 SiO Green 82 82 
547-18 Orange-1 84 SiO Green 86 50 
973-16RA Yellow-1 80 SiO Green 90 100 
973-30B Pink-4 80 SiO Violet 81 61 
973-36A Green-5 80 MgF Green 87 53 
973-30A Pink-4 80 MoF, Violet 84 66 









*Transmittted ] a the omplement f the reflected color é.g., greer 
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7 — wie 
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lran-mi n i retle ince of vated panel 
red the ral t Lo i ho microns 1} = specimen haa 


1 White-light transmittance of 62 per cent. Lhe reflectance 
at near-normal incidence was about 50 per cent over thi 
range of 6 to 16 microns. falling off smoothly to 3¢ 
per cent at 56 microns. 
As stated previously, 


values of processing parameters 


were selected which would produce fiims with the desired 


characteristics. During the studies of effects of various 


processing parameters on film properties, the most critica 
factor found was composition of the atmosphere dur- 
ing evaporation. Other factors. such as evaporation pres- 
sure, substrate 


evaporation rate and temperature, ar: 


also of some importance. However, within rather broad 
limits, these parameters are not critical. Othe: parameters 
such as tin concentration. conversion temperature, and 
film thickness also play a part. but have considerably 
greater latitude 

Purity of the atmosphere in the vacuum chamber dur- 
ing evaporation of the metals was found to be very im- 
portant. Since the films are evaporated in oxygen, the 
deposited films are not truly metallic in nature; they are 
dark brown and amorphous in appearance. The films. as 
deposited, are composed of discrete particles of a ver 
small size. Therefore. gas absorptivity of the films is 
high. Contamination of the atmosphere by organic vapors, 
at a concentration low enough so that there is no notice- 
able effect on the pressure, can result in a large increas 
in resistivity of the films after conversion 
Oxygen was found to be more suitable than air in the 


vacuum chamber during evaporation, a suitable oxygen 


Films 


produced ata pressure below this range are either some- 


from 0.5 to 2.0 microns. 


pressure range being 
what more difhicult to convert or exhibit higher resistance 
values. Films evaporated in an air atmosphere maintained 
to produce an oxygen concentration in this same range ex- 
hibit resistance values two to five times higher than thos 
produced in pure oxygen. Within the range of 0.5 to 

microns of oxygen pressure, no difference in film char- 
acteristics could be noted. However, oxy gen pressures 
at the upper end of this range affect other processing 
parameters. The mean free path of the evaporating metal 
atoms is an inverse function of the pressure, so that con- 
-iderably more scattering takes place at the higher pres- 
sures. Therefore, either the source temperature must be 
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increased or the distance betwee the substrate and 
must be decreased in order t ichieve t 
leposition. In either ise. the substrate tempe1 
creased This. in tur: esuits ease 
sistance the hims < 
hat films with hig ess ' 
ubstrate te iture exce 
He ili t the substra -. : 
noice of subs te ite 
dal t S S 
slal t ill 7 1 t 
ni s 1! é eta 
Ze I the s S 
S : I 
') (yt) = & 
S t! = - 
epends t { ssing ters 
Ss ri { = S 
— iit ~ é é C 
\ i lior 
t has little ette { sis i t 
t 12! the ré tive ¢ ey o = 
films containing high t trat ee 
a Uy entralior 4 t f did 
insmittance values a f ) I t. eve 
treatment I! several d S WH) ( Howeve 
from 15 to 20 per cent 1 ichieved high tra 
about 6U per cent within a few hours at 200 ( 
The rate of conversion depends upon the ambie 
perature during the oxidation step. though the oxidation- 
ite law followed was t te ¢ However. 
required to achieve the desired degree of transparency 
1 
inged from two to three days at LUO C to a period of a 
few hours at 200 C. Therefore. it is to be expected that 


the conversion rate would be even greater at temperatures 


above 200 ¢ 


\ limited amount of experimentation was cond ad on 


the effect of pure oxygen atmospheres for accomplishing 
the conversion. No improvement in electrical or optical 
characteristics was noted. although an increase in the 


oxidation rate in pure oxygen was indicated. 


During the investigation. a study was made to deter- 


mine whether the size of the piate to be coated would be 


limited by the size and location of the source or 


whether the angle of incidence of the impinging metal 


vapor was critical. Experiments showed that these lim- 


itations did not exist. For production of 9 x 9 in. panels, 


4 concentric-ring source two inches in diameter was 


ocated below the edge of the horizontally-mounted plate 
} 


it a distance of about 15 cm. By rotating the plate above 


the source. uniform coatings with the desired low resist- 
] 


ince and high transmittance were produced. 


Conclusion: 


ther proc- 


Because the conversien rate is related to o 


essing parameters, it is reasonable to assume that even 
lower processing temperatures can be used and that these 
coatings could be applied to many different substrates, 
including materials with relatively low thermal stability, 
crystalline 


such as many plastics and some inorgani 


materials. A limited amount of experimentation with 
films applied to plastics substrates indicated that the 
film properties are not affected to any appreciable de- 


Continued on page 318) 


145 


Mag-Amp Relay for 
Control Systems 


VIRGINIA HUDSON 
siGMA INSTRUMENTS, INC. 
Boston, Mass 


IN MANY INDUSTRIES. it is desirable 


onitor or control some specific en- 
ironmental feature such as tempera- 
ire. light intensity, radiation level. or 
pressure. During recent vears, the speci- 
itions for such control elements have 


In fer 


eral, such a system may combine mod 


become increasingly exacting 
rate vibration and temperature condi 


ions with very stringent sensitivity, 
reliability and life requirements. One 
wal ot economically meeting these 
needs is to amplify the transducer sig 
nal sufficiently to energize a relay, using 
the action of the relay actual 
eutput 
There are 


in be take 


big. | 


contains 2 relays (for dual polarity out- 


Magnetic-amplifier relay chassis 


put), reactor, transformer, and plug-in 
rectifier assembly. External connections 
are made to terminal strip on side. Unit 


ss 4 x 4 . 346 in. and weighs 2'% Ibs. 


amplification. Logically the 

ot method Is based on the nature 
i the source. Without further justifi- 
cation. let it be said that this signal is 
often of the order of a fraction of a 
microwatt, is derived from a fairly low 
impedance d-« bridge. and is a slowly 
This, then, suggests 


changing tunction 


the use of a magneti ampliher, inher 

ently a d-c amplifier capable of operat 
it very low levels with a high de- 
of stability 

shown WU 


The magnetic amplifier 


Fig. 1 was developed by Si i Instru- 
ments to energize a relay irom an input 
signal of 0.1 microwatt or less. This 
improves power sensitivity by a tactor 
of 50.000 and at the same time retains 
the desirable features of a sturdy relay 
In order to understand the operatior 
lag-amp relay reter to the cir 
cuit diagram in Fig. 2. The unit is com 
prised principally of a center-tapped 
source of a-c. a saturable reactor. recti 
fiers. and the relay 
Circuit Design. The reactor consists 
of four cores of highl perme ible iron 
On one leg of each core is an independ 
ent winding which carries the energiz 
ng current. The free legs of the four 
cores are encircled by one or more 
concentric windings which 
nal or control current 


During one half evele. energizing 


coils Gi and Ge are conducting and the 
relationship of voltage. turns. and core 
material is chosen such that magnetic 
saturation will occur at approximately 
the mid-point of the half evele. With no 

l to implified beth cores satu 

simultaneously. The circuit is ar 
ranged so that the fluxes in these cores 
oppose each other and no voltage exists 
hetween the rectifier and transformer 
no signal is 
In the next half 
conditior j 


center taps and, therefore 
delivered to relay R 
evele. this same exists in 
cores Go and Gi. 

The windings of the two cores that 
ire not conducting during a given half 


eve le do carry a very minute amount of 


reverse resistance of the gate rectifiers 
This small current serves to reset thi 
on the hysteresis loop in sucl 
manner that the unit exhibits maximun 
ind minimum change for a-c suy 


voltage variations 


When a control current of the polar 
ity indicated is present, the flux rela 
tionship in each of the cores is that 
shown in Fig. 2. During the non-con 
ductive half evele. the control ampere 
turns modify the effect of the 
impere-turns so as to advance or retard 
saturation. Thus where fluxes oppose 
(cores Cy. and (, Fr the cores have he el 
reset less and saturation occurs earlier 
where fluxes aid (cores Gy and Gs; 
the cores have been reset more and 


saturation is delayed 
volt second difference 


This produ es 


ippeal 
between the rectifier and transformer 


whit h 


center-taps and. if of sufhcient magni 

tude. energizes the relay Capac itor | 

serves to integrate this spike 
Component Selection. In order to 

tain unitormity of operation, cores n 

be as nearly identical as possible 

effect this. core thicknesses are care 


] 
coils 


fully matched and the energizing 
ire wound to the exact number of tur 
specified with no shorted turns. Dur 
ing assembly. considerable care is taker 
to avoid bending the laminations. Mini 
mum practicable lamination thickness 
ind 100 per cent interleaving as 
the most advantageous use of the 
The completed core structure 
mounted so as to minimize the effec 
of strain 

Equally important in providing core 
symmetry are the gate rectifiers. These 
ire chosen on the basis of consistently 
low reverse leakage and high forward 
conductance. Individual rectifier varia 
tions are then largely equalized by re 
sistors r, and ro 


The relay is the only circuit compo 


nent subject to mechanical wear. Par 
ticular attention is given to the con 
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struction of load-bearing surtace- D hie 
capacitor used to filter the relay input 
is of the metallized type and is rated 


well in exeess of any surges it may 


—— 


Cemve 


required to tunetion 

torils Inder ute diverse er 

ironme present standard unit 

operates vi specihcation ove 
fron 50 ta 


iat these 
tifiers and « ipacito 
ve extended bv the Is¢ 


nts Most othe: 


ental conditions can be met 


-pecial packaging. In addition, the 


push-pull cireuitry provides eles 


PIII PN TI TT TY TT I 


¢ 


-tability and minimizes the effe 


11on- 


ltuge ind 


Possible Variations. \\ith this 


basi 


a=\ to provide idditiona! 


1] 
desirable 


av be biased for operatio: big. 2—Schematic diagram of magnetic-amplifier relay. Solid arrows show dire 


- > cig - i S yre<en Sroke ows «how 
ne point other than zero input of control flux when a signal of polarity indicated is present. Broken arro h 


Les rt 5 per direction of resetting flux during non-conducting half cyele 
Variable 1 Is Inserted, the ape 

point may be precisely controlled 
\ wide range (0.1 to 15.000 ohms }) of 


control coil resistances is available to eral control element- 


facilitate matching to the source for The addition of another relay 


optimum power transfer. Several con- dashed 


ignetic amplifier control do 
way describe the limits of 
in Fig. 2) provides r dua tl Because of its versatility 
trol windings may he used so that the polarity operation 


~ensitivity ind long and service-free 
reference quantity can be a current It is obvious that. with 


some or all ife. it should find increasing use as a 
programmed according to predicated of these features. the 


device is suitable compenent in automatic process 


con- 


° ] 
conditions or so that relay operation for use in a variety of applications. The tro] 


anne weet ttt ttTt yy 


UNF TUNER REDESIGNED for size and cost reduction by F. W. to achieve near optimum ¢ 
Sickles Division of General Instrument Corporation. The tuning 
coax lines in the new model were reduced to 2-4. in. from 
the original 3 in. 


) and at the same time allow for 
over the 470-890 me range with reasonable tuning 


capacity and with provision for drift compensation. The de- 
; this allowed a reduction in the length sign achieved a bandpass slightly overcoupled at the extremes 
of the tuner from 3-14 in. to 2-5g in. Greatest problem was the of the range and critically coupled at midband. Fre 


quency 
choice of proper compromise in coaxial structure dimensions drift is on the order of 200-300 ke. a yi 


MARCH 


147 











DESIGN TRENDS 


Automatic Motor 
Run-In and 
Electrical Testing 


TEST FOR GROUNDS, shorted and open 
circuits are made automatically on the 
“Lectrotest” vertical rack and associ- 
cated power supply and test panel de- 
veleped by Michigan Production En- 
gineering Co.. Hazel Park. Mich. An 
important feature for small motor pro- 
duction testing is motor run-in betore 
test, which is provided by the equip 
ment. The particular test unit shown 
has capacity for 1000 motors per hour, 
giving a 15 min run-in to the motors. 
with a stabilized power input, followed 
by electrical tests at both high and low 
speeds. Motors proving to be defective 
by any of the applied tests are auto- 
matically shut off and a visual indica- 
tion of failure given for observation by 
the operator. In addition to reducing 
the amount and skill of labor required 
for motor testing, the system eliminates 
the hazards of spot-checking by indi- 
vidual tests and of variation of run-in 
periods. 

The equipment can be modified 
readily to accommodate more or less 
motors, for various periods of motor 
run-in, for testing of reversible motors 
and for either a-c or d-c operation. 
Motors are loaded into fibre glass re 
ceptacles and the motor leads inserted 
in color-coded connectors. The move- 
ment of the vertical conveyor rack is 
slow enough for the operator to load 
without stopping the machine, and the 
power is not applied to the motor until 
they are beyond the reach of the 
operator 
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\utomatic run-in and electrical test of motors by “Lectrotest”, 


Torque Measuring 
System Has 
Digital Output 


\ NEW TORQUE MEASURING SYSTEM for 
motor and other shaft-torque testing 
eliminates the need for trunnion- 
mounted dynamometers, and provides 
direct reading digital indication and 
coded output to computers or to remote 
recording stations. Made hv Perform 


Fig. 1—Torque pick-up and amplifier- 
indicator unit. 
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rower supply 


ircuit of torque measuring 


Measurements Co., Detroit. the 

: features a shaft-mounted torque 
pickup coupled to a digital indicator, 
Fig. 1. The pickup contains four strain 
vages in the 


voltage 


legs of a 


Fig. 2 
is applied to the bridge 


bridge, 
Input 

the torque measuring signal is 
amplified. The digital indicator is 


vo null balance system employing 


cision slidewire and a servo 


the 


motor 


balancing motor drives slide 


wire digital-readout 


l 


iber 


contact the 
An 
coupled to the 


ibly 


and 


nun wheels encoder cé be 


direct number wheel 


assen t 


lor operation ol print- 


remote 


ne of 


computing devices 


Over-all 
cent 


<Vstem accuras 


and the instrument is 


readable 
to 1 part in 10,000 without interpolation 


when tour wheels. 


number 
] part in 1000 when using 


and to 
three number 


wheels Standard available capacities 


range from 100 to 3000 Ib-in. and larger 


capacities can be provided. The control 


panel provides for selection between 


two torque 


pIcCKUps i 


and 


pushbutton Tor 
libration a pilot light 


cates direction of te 


that indi 


Packard-Bell resin-bonded pre-formed fiber glass 
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Fiber Glass 
Television Cabinet 
Uses Built-In 
Design Factors 


\ NEW PORTABLE 


l7-in. television 
ceiver, the Porta-Bell. utilizing 
bounded 


re 


i resin- 


pretormed nber r] s cabinet 
has been developed by Packard-Bell 


Corp.. Los Ange les 
The use of fiber gl 


Electronics Calitor- 


fhhid. 


glass in 


this type should be of interest 


design engineer for the human, 


chan il and 


electrical safety factors 


nherent 
This 


transtormer 


glass constructio! 


receive! complete powe! 


protection, ass 


iring Ise! 


well as longe 


Vv as i operating 


lite 


of the unit. The fiber I 


ass constr 


of the cabinet also offers safety 


operator through the 


electrical 


ng properties ot the fiber 


ce the fiber ass 


television cabinet. 


nical strength. 


compenents 
protection 


against me 


CK Phe 1s 


portability of th 


creased 


lightness of 


luminized ind a 


ibe view- 


LIZer providing iutomatsk 


“a despite 
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Transparent Plastics 


Plug for Checking 
Sealed Rotating Parts 


C. B. HILGEMAN 

Vorwood Development 
ALLIS-C.HALMERS 
Norwood, Ohio 


Laborator,s 
Merc (oo 


rotation. 


Allis-Chal 


laboratory 


nedsurin 


unit 


Allis-Chalmers 
with 


centrifugal pump 
plug through 
which the rotating parts may be observed 


for checking speed and rotation. 


acrvlic arrow! 








DESIGN TRENDS 


chinery by vibration sensing 


instru 
desirable. Costly 
equipment and unreliable speed read 


ment= were not too 


ings are 


other disadvantages. 
For example. since an enclosed pump 
notor mav vary 
to tull-load. it 


ictual 


in speed from no-load 


. 1 
is essential to know the 


operating speed and. directior 
to establish pump and meteor pertorn 
ince characteristics. The aervlic wh 
low permits the mark on the pump 
peller to be clearly seen ind. while 
the pump is running. the speed can be 
hecked on stroboscope. Test results 
with this device have been excellent 
Figure | shows a close-coupled cen- 
triftugal pump with the aervlic plug 
installed and Fig. 2 shows the screw 
installation with stroboscope position 


ittached 


The cost of the aervlic plug is 
-light. In a matter of minutes a labora 
tory or shop will be able to easily 


check speed and direction on totally 
enclosed products. 





/ 

Mark on impelle 
visible through 
acrylic screw } 

shed 
urfoce 
| 
J} 














’ 


Fig. 2 


Detail of plug installation with 
stroboscope position indicated. 
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Sylvania electric lamp with built-in reflector and focused beam 


Electric Lamp Uses 
Built-in Reflector 
and Focused Beam 


\ NEW TYPE 


LAMP, about the 
flashlight battery, 
with a built-in reflector and sharply 
focused beam has been developed by 
Svivania Electric New 
York City. 

Immediate application of this lamp is 
Potential 
may be in 


ELECTRIC 


size of a. standard 


Products Inc 


for motion picture projectors, 
this 
ireas of design as automatic 
infrared 


ses tor device such 
controls, 


heating and microscope illu- 


mination, 
This 115-volt lamp, called the 
Tru-flector, utilizes a 


new 
150-watt horizon- 
tal coiled coil filament that is precisely 
relation to a built-in 
The sharply 
focused beam creates as much light as 
i mu¢ h 


positioned in 


silvered metal mirror 


larger lamp. with savings in 
size, heat transfer and necessary power 
input. 

The new lamp will affect motion pic- 


ture projector design factors such as 


weight and streamlining. Positioning of 
within the 


lamp greatly simplifies the entire pro- 


the silvered metal mirror, 


jector optical system, eliminating ex- 
ternal reflectors and condensing lenses 


Specifications For Tru-Flector 
Lamp 


W atts 
Bulb 
Base 
\ olt 
Filament 


Rated average life 


Burning position 
Lumen rating 


150 

T-12 (soft glass) 

Pru-focus 

115 

Coiled coil, 
horizontal 

15 Hrs 


Base down 


95 Sereen lumens, 


min. 


heretotore used The lamp itselt 
smaller than any comparable projectio 


332 iI 


same 


lamp in current use, 
overall. It 


—<creen 


measuring 
about the 
brightness in an 8 mm 


provides 
movi 
500-watt 
\s a result, blowe 


projector as the much larger 
types in current use. 
attendant 


sizes and 


noise are sharpl 


reduced through lessened cooling re 


quirements 


Design Problems 
Solved in 
Moving Sidewalks 


The use of ~idewaiks, long 


moving 
advocated and urged in many location- 
considered be 


it usually not seriously 


cause of the 


many design problem - 


affecting installation and 


operatior 
Hewitt-Robins Incorporated. Stamford 
Conn.., with the 
“Glide-Ride.” the first 
sidewalk to be installed in 
There are three of the 
1435 ft in 


has come up answer- 


in its moving 
an airport 
units totaling 
length in the corridors of 
Dallas Field which will 
be opened this spring at Dallas, Texas 
One of the unique 
Glide-Ride is that it 


ners so that it may be 


the new Love 
features of the 
goes around cor 
installed in the 
form of a loop to carry passengers ir 
two directions. The operating speed at 
first will be 132 ft per min. about halt 
the average person's walking speed. A- 


the public 


becomes accustomed to the 


moving sidewalk. it is expected that 

the speed will be increased. 
Passengers will stand on a rubber 

carpet fastened to individual 24 x 24 


in. pallets linked together by universal] 
couplings. The pallets are mounted o1 
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the most complete line 


TRANSISTORIZED of POWER SUPPLIES 


WV. R. P.S 








@ REGULATION ‘for line or load) 0.03% 
or 0.003 Volts (whichever is greater) 
@ RIPPLE 1 mv. rms. | | Impedance 
RECOVERY TIME 50 microseconds _— Joutput joutput | oc.) 1c. | Rack Mount 
WH STABILITY (for 8 hours) 0.03% or 0.003 eS 


Volts (whichever is greater) 


Tubeless. 

0.005% resolution with 10 turn 
voltage control. 

Continuously variably output voltage 
without switching. 

External overload and short circuit 
protection included. 

Either positive or negative 

can be grounded. 

Units can be series connected. 
Suitable for square wave pulsed loading. 
Power requirements: 105-125 volts, 
50-65 cycle. 400 cycle units available 
Terminations on front and rear of unit 
High efficiency. 

Low heat dissipation. 

Compact, light weight. 

Color: grey hammer tone. 
Suitable for bench or rack use. 
Voltmeter and ammeter provided. 
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KEPCO 


: LABORATORIES, INC. 


131-38 SANFORD AVENUE © FLUSHING 55, N.Y 





Ze INDEPENDENCE 1-7000 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED POWER 
SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TRANSISTOR AND TUBE 
TYPES. MOST MODELS AVAILABLE FROM STOCK. SEND FOR BROCHURE B-581 


Model 
$C-32-0.5 
$C-32-1 
$C-32-1.5 
$C-32-2.5 





Visit our Booths No. 2636-38 e I.R.E. Show e@ March 24-27 e New York 


Circle 152 on page 17 
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tors transmit power through lugs on a 
sprocket chain which engages the un- 
pallet. The rubber 
carpet does not pull any of the load 
but is the 


derside of each 


414-in. diam rubber-tired wheels which 


run on a steel track. Three 30-hp mo ised only as a cover over 


HANDRAIL DRIVE seteieaimeaasnis 
WALKS PASS UNDER FLOOR HERE 
et ————— SPROCKET WHEEL 
ed > 


in 30 H.P. MOTOR AND SPEED REDUCER 


poe. 7 DRIVE CHAIN 


a a 
_. 


. a SPROCKET WHEEL 
yw. 


see 


. 
= a 


ee ee 


The moving sidewalk installed at the new airport in Dallas. Texa- 


sengers in both directions in long terminal building corridor- 


i~ the first of it- kind 


Automatic 
Brewer-Dispenser 
Uses 

Stainless and 
Borosilicate Glass 


\ NEW STAINLESS 


STEEI 
heat-resistant 
reservoir, that 
both hot and cold 
automatically has 
Food Machinery and Chemical 
poration, Hoopeston, Il. 


UNIT, employ- 
ng a borosilicate glass 


5 ; 
brews and dispenses 


tea instantly and 


been 


developed by 
( ‘Or- 


The glass reservoir holds a concen- 
trated tea solution which is formulated 
automatically by spraying a standard 
package of tea with the 
right amount of water at the correct 
temperature. The concentrate then 
drips into a clear glass storage bowl 
where it is held on tap for dispens- 
ing. 


commercial 


Fig. 1—Automatic tea brewer-dispenser 
unit by Food Machinery and Chemical 
Corporation. Note all controls easily dis- 
cernible on front panel. 


The borosilicate glass part has the 


advantage of chemical stability and 
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pallets. The carpets are 42 in. wide and 


are installed in 


completely enc losed, 
air-conditioned corridors running from 
the to 


areas. 


waiting rooms plane loading 


aetna Gili ai nian 


Loop construction permit~ carrying pas- 


good mechanical 


strength 
heat 


besides [pe 


he 


unit 


ing sanitary and resistant. 
of the 
resistance 


addition to 


stainless steel construction 


insures good corrosion and 


ease of cleaning. in good 
structural strength 

The unit has a self-contained thermo 
1400-watt 


1 220-volts, 


statically controlled heater 
and is energized by 


60-cvele 


single- 


phase power 


tion is simple. Operating controls con- 
i ot on-off 


timer, four pushbuttons and two indi- 


Opera- 


sist an switch. an electric 


Fig. 2—Borosilicate glass reservoir for 


automatic tea brewer-dispenser unit. 
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GUARDIAN 
Series 3205 
Hermetically Sealed 


RELAY 


GUARDIAN 
Series 1210 


RELAY 


This 10-ampere Air- 
craft and Missile 
Relay is a newly 


developed hermeti- 

cally sealed Guard- 

ian unit designed to 

meet and exceed all 

test requirements of Speci- 

fication MIL-R-6106-B-Class B. Series 3205 
uses same size envelope 
as AN 3304 (4 PDT 3-ampere 
relay) and is essentially the same weight 
Designed to meet minimum current require- 


10-ampere 4 P.D.T 


container 


ments of military specifications 


visit GUAR 


Now the popular Guardian 
Series 1200 Relay is available in 
a unique dust-tight enclosure of 
new lightweight transparent plas- 
tic that withstands heavy impacts. 
Unaffected by weather; resists 
temperatures up to + 200°F. Con- 
tact rating: 8amps., 115 v 
non-inductive. Series 1210 
able any A.C. voltage 6 t 
any D.C. voltage 6 to 110 


DIAN BOOTHS, 2502.04 , 
‘RE. SHOW 


Jhe GUARDIAN 


PROGRAMATION 
DIVvisSiown 


FEATURES 


these outstanding 


CONTROLS 


see them at 


BOOTH 1911 
I.R. E. SHOW 


PROGRAMMER 


e reliable e rugged e long-life 


Approved and used to control guided missile and in-flight 
equipment this Programmer excels as the ‘“heart’’ of auto- 
mated production systems, machine tools and complete 
control assemblies, singly, or in combination with Guardian 
relay matrixes and control banks. Meets and exceeds 
MIL-S 25259 (Proposed). Open or sealed it withstands 
extreme temperatures, altitudes, vibration or shock; carries 
8-12-18 or 24 points, up to 16 wafers and unlimited switch- 
ing arrangements. 


incremental 
position 


This new Guardian “Incremental Position” unit provides 
lower cost precision control for machine tools, position indi- 
cators, slave-master systems, remote indicators and auto- 
mated machine drives. Excels as a complete multi-event 
sequence programmer to control predetermined selection 
of operations. Also as a single function sequence device to 
control potentiometer or valve incremental settings. Has 
many applications as a low cost servo type control. 


write for detailed information 


GUARDIAN 7 ELECTRIC 


MANUFACTURING 


1627-C W. WALNUT STREET, 


MARCH 1958 


CO M PAN Y 
CHICAGO 12, ILLINOIS 
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DESIGN TRENDS 


tor lamps which tell when power is 
on and the heating element is working 
ne pushbuttor 


draws hot water, i 


econd draws cold water. a_ third 
draw= hot water with the tea concen 
rate and the fourth draws cold water 
vith tea concentrate 

The largest unit of this tvpe has a 
~erving capacity of 250 cups ol 200 
vlasses per hour. By automatic produc 
tion of a popular beverage. there is a 
iving of labor and time. with a pro 
portional speed-up of service Boro 
glass provided by lLaneaster 


iss Corp Laneaster. Ohio 


Portable Cooler 
for 
Welding Equipment 


lr DEVELOPMENT of the Bernard 

Equipment Company. Chi 
ix a portable cooler for 
equipment. The 


imarily to solve the heat re 


( ooler is «ae 


(Culaway 


moving problem which in the past has 
restricted the full 


tainable with gas shielded arc welding 


potentialities ob 


processes such as gun-type MIG and 
torch-tvype TIG equipment. The light 
weight unit also provides i more eth 
clent source ol 


coolant for spot weld 


ing dies resiscance welding 


rollers Induction heating coils 
iutomatic welding equipment and cop 
per chill bars. The cooler obviates the 
need for long lengths of hose running 
rom city water mains or from. large 
storage tanks which are portable only 
if mounted on a carriage and thereby 
eliminates the plumbing 


ind provides clearer work area-~ 


expense ofl 


Lsing a pump to draw the coolant 
from a small 9-quart reservoir, the unit 
through — the 


ere lates the coolant 


Wwe lding 


the cooler. the liquid passes through a 


equipment. Upon returning to 
stage radiating svstem from = which 
the heat is removed by air-cooled rad 
lating fins. \ tblade pressure-type far 
packs the ir into a compressior 
nber and over the cooling fins. The 
has a high heat handling ca 

pacity. but is no larger than a small 
travelling bag and weighs on 68 |b 
Except tor a 110-volt 


supply. the 


ooler Is completely selt-contammed 
Phe rret used is a | -hip init with 


NEMA size 48 frame 


The cre ilating pun 


. 

SS ae 
oN AAA 
cere 


view of portable cooler for welding equipment. It contains a 9-quart tank of 


coolamt and a forced-air heat removal chamber and i- capable of cooling MIG or TIG 


sun or torch welders up to 500 amp. 
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live displacement, planetary vear lype 
To protect the pump and the welding 
equipment, a 120-mesh filter is located 
on the intake side of the pump The 
filter is readily removable for inspec 
tion and cleaning from the exterior of 
the cooler. An adjustable by-pass pre- 
sure relief valve is provided to main 
tain constant pre-set coolant pressure 
0 to 100 psi) to protect the welding 
equipment. Sealed ball bearings are 
ised and all operating parts are e1 
cased in a heavy-gage steel cabinet. Ar 
idditive in the coolant prevents corre 
sion of parts of the welding equipment 
and a non-evaporating anti-freeze may 
be added for field use 

The cooler is rated to cool MIG. wor 
MiG gun or torch equipment drawing 
500 amp including 15 ft of No. 8 water 
cooled current cable on a 100 per cent 
duty evele With intermittent duty 
eveles. higher loads (600 or 700 amp 
can be handled. Similarly. if the loads 
ire lower and the duty evcles are suf 
ficiently low. two or more welding 
equipments can he handled. The cooler 


) 


has a maximum caloric rating of 254 


Btu per min at an ambient 
ind the maximum flow” rate 
coolant is 1.9 quarts per mi 

Safety measures include an elects 
nterlock to prevent operation of the 
elder when the cooler Is) not > work 
ney. a pilot light to indicate when the 
is energized. and a tran-parent 
flow indieator 


Transistorized 
High-Frequency 
Lighting Supply 


Fok A GINEN LEVEL OF ILLUMINATION 
it is well known that a fluorescent 
lighting 


-ystem operating on a tre 


quency somewhat higher than the 
nermal 60° eyeles provides many ad 


vantages: less power input. reduced 
heat dissipation in the ballast, and les- 
overhead space and ceiling structure 
necessary to house and support the 
luminaires. At 1500 cps the etheiens 

1O-watt 


ot a rapid-start fluorescent 


lamp is 7 per cent above its 60-cvele 
ilu while ballast- are reduced fron 
i weight of 4 Ib and 42 cu in. wit! 


16 watts loss to a simple device weig 


ne ihout 7 oz occupying about 6 ¢ 
in.. and with a loss of approximate 
} watts (Fig. | The possibilities for 
high frequeney system- have been cor 
siderably advanced by the announce- 


ment of the development by Westing 
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When You Need 
Reliable Control 
OfTimed {CO 
Operatians 









140 45 ae 
aA INTACT NOME OPEN 
—— iecy s 
tigBsetiee , - aD 
WamPr 11S¥ 6OCY 
20 am? - 230¥ 66 CT. 
ue Abams 4 WESTLABE CO 
a, 
cS The “Mighty Midget” 
as Adlake No. 1140 
Od Plunger-Type Relay 
.~ & Normally Open « Quick Acting 
~ ; 


f 


. yt 
ss le et fe 
4) “> : 
You Need a, 

DE-ENERGIZED 

a : Plunger P is floating in mercury M. 
External circuit is open because main 
body of mercury M is below lip of 


mdnounut “Uy -moroury relays ceramic cup CC. 


List what you like and don’t like in a switch, 
then see how Adlake meets your need: 

e Immune to vibration 

e Perfect snap-action—no burning, pitting or sticking 


e No intrusion of dust, dirt or moisture—hermetically sealed 
at the factory 





e Time delay characteristics fixed and non-adjustable 


e Quiet. Chatterless. Require no maintenance whatever. ENERGIZED 
, , ; Coil C pulls plunger P down into 
Our engineers will gladly help you with your control problems. mercury M. Mercury thus displaced 
No obligation. Just write the original and largest maker of completely covers ceramic cup CC 
| is Javys—THE AD ; & Wes > Cc filled with mercury. This establishes 
plunger-ty = - nie HE AMS ESTLAKE CHEPANY, mercury-to-mercury contact between 
1168 N. Michigan, Elkhart, Ind. - New York + Chicago electrodes E and EE. 
958 Circle 154 on page 17 





DESIGN TRENDS 


house engineers of a_ transistorized 
power source, 

Prototypes ot the new powel 
sources already functioning in a light- 
ing system for Westinghouse offices 


supply power at 1500 cps to 64 stand- 
ard 40-watt The 
prototype (Fig. 2) 


weighs 11 


fluorescent lamps. 


power package 
measures 5 x 4 x 1915 in., 
lb, and delivers up to 11% kilowatts at 
150 volts, peak. Others have been built 
in ratings of 3 kva. At 1500 cps, power 
conversion efficiency is in the order of 
94 per cent at rated load and 92 per 
cent at half load. 

The 


quency 


source is a static fre- 
which 
normal voltage is 
rectified by a diode bridge. The result- 
d-« 


frequency 


power 
converter in incoming 
3-phase power at 
ing is then converted to a high- 
output by 
The 


wave or 


two groups ot 


power transistors. can be 


either 


output 
square sinusoidal de 


pending on the circuitry designed into 


the final stage. The use of semicon- 
ductors in the power source permits 
frequency stability over wide ranges 
of load and input voltage. The fre 


quency converter can be continuously 


energized under no-load conditions 


are less than 50 


since its losses watts. 
modifications, fre- 
the 


virtually 


design 


By simple 
quency output of 
be fixed at 
the 

Of significant importance in the new 


unit is the high reliability afforded by 


new units can 


any irequency in 


audio range. 





the semiconductors used and the fact Mba 
that the power sources are small Fig. 1--Comparison of sizes of ballasts for fluorescent lights operating at 60 (larger 
enough to be installed near to the light- ballasts) and 1500 eps. Fig. 2—Transi-torized power source for fluorescents provides 
ing load without long high-frequency high-frequeney power for more efficient lighting systems. Prototype unit is 5 x 4 x 
distribution lines. 1914 in. and supplies 1500 watts at 150 volts, peak 

Correction—Irradiated Polyethylene 

THROUGH A typographical inadvertence. Fig. 3 and 4 in the article. “Irradiated Polyethylene Insulation System. 


January issue. page 57, were transposed. The figures and i 








Hours to breakdown vs voltage stress at 25 C for three 
of insulation 


Fig. 3 
different 
irradiated polyethylene. 


types systems, including one using 
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he correct caption should have appeared as follows 








15C 200 250 300 


Voltage stress, vom 
Fig. 4—-Hours to breakdown vs voltage stress at 105 C for the 
insulation systems shown in Fig. 3. 
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4 SPEED NUTS eliminate 8 parts 
in resistor assembly, cut costs 50%! 


Tremendous assembly savings are often possible 
when Tinnerman Speep Nuts are “designed into” 
new products. This is an example: Corning Glass 
Works, Corning, New York, adopted 4 special 
SpeEp Nut brand fasteners and cut assembly costs 
on new power-type glass resistors by 50°;! 

Assembling power resistors is normally a slow 
and complex operation. Yet a pair of one-piece, 
spring-steel SPEED Nut angle brackets eliminated 
4 of the 9 parts required by another fastening 
method and cut assembly time to a few seconds! 

These corrosion-resistant, vibration- proof 
fasteners hold the resistor under live spring tension 
to avoid mechanical shock. Locating washers, lock 
washers and nuts are eliminated. Also, one-piece 
SpeED CLAMps® that double as terminal bands 
eliminate 2 lock washers and 2 nuts. 

SpEED Nuts permit maximum assembly savings 
on new products, but you can probably make 
worthwhile savings right now on current products. 


Over 8000 types available. See your Tinnerman 
representative or write for Bulletin 333-1 


TINNERMAN PRODUCTS, INC. 
BOX 6688 + DEPT.12 +» CLEVELAND 1, OHIO 


TINNERMAN 


FASTEST THING IN FASTENINGS*® 


CANADA: Dominion Fasteners Ltd. Hamitton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A. 3 rue Salomon de Rothschild, Suresmes (Seine). GERMANY: MECANO-Bundy GmbH, Heidelberg 


MARCH 
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Switching Reactors Combine Control 
Logic and Power Switching 


(Continued trom page 85) 





ing ratios which are realized, the field of application i- 
practically infinite. It must be remembered that separat 
control windings are not required for every input. The 
control winding resistances are only a matter of a ‘ 
ohms and all are capable of carrying over a tenth of 
an ampere. These features permit the summation of many 
inputs with one control winding. Figure 3 demonstrates 
this flexibility. This figure actually shows the circuit o1 
a demonstrator unit which incorporates all of the basx 
logic functions. One positive control winding serves for 
eight inputs. [ts negative counterpart handles eight nega- 
tive inputs. Here also is shown the positive feedback. 
indicating the case with which it is derived from the d- 
yutput. The delay circuit typically demonstrates the flexi- 
bility afforded by the separate control windings. In thi- 
case, the unit is turned on by a positive signal, locks 
itself in with the positive feedback, and then is shut off 
after a fixed time delay by a negative pulse of current 
through the neon bulb as it discharges the capacitor of 
the R-C delay cireuit This pulse is comparatively small. 
hut double effectiveness is given to it by merely passing 
it through two windings in series. 

The case histories demonstrate the flexibility of switch- 
ing reactors in a variety of control problems. Block 
diagrams shown were made without conventional logix 
element symbols because of their inability to represent 
this type of operation. 

The concepts presented are not altogether new. In 1910. 
Dr. Alexanderson applied magnetic amplifiers to tne 
modulation control of a trans-Atlantic radio transmitter. 
Since modulation control in this case merely meant the 
on-and-off keying of a CW transmitter, the magnetic ampli- 
fier was actually performing a switching function. 


References in ELECTRICAL MANUFACTURING 


This article is part of a continuing editorial program of re 
porting the latest developments in static control for industrial 
ipplications. Recent articles include: 

1. “Computer Techniques Extended to Machine Tool Control,” 


Staff Report, June 1955, page 124. Initial announcement 


the Cypak static control system by Westinghouse Electris 
Corporation 
’ “Progress in Numerical Programming and Statie Controls. 


Staff Report. June 1956. page 124. Redesign of Cypak after 
a year’s field experience. 


“Another Approach to Static Control.” R. A. Sitts, June 1957, 


page 100. Report on the General Electric Company's Static 
Switching Control system. including both the single-functior 


system and the multi-function logic 


g element 


logic element 


system. 


Algebra to Design Static 
Staff Report, July 1957, page 130. Case history of an original 
(Baker Brothers, Inc 


with static control system design. 


/. “Using Boolean 


equipment manufacturers’ experience 


“New Elements for Static Control.” Staff Report, July 1957. 


Westinghouse of additional 
Transistor-NOR system and the Dvynistor 


page 106. Announcement by 
Cypak elements, the 
diode switch. 


6° Controllable Silicon Rectifying Device,” Staff Report 
Feb. 1958. page 10. Preliminary data on the General Electric 


silicon-controlled rectifier. 
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Control Circuits,” 


International Standards for 
Motor Dimensions 


Continued 


from page 122) 





mum torque in continuous service, not the pullout torque 
lable VIL and VIIL were accepted and will be sent t 
letter ballot. The last column in Tables VIL and VIII 
are merely conversions of the next-to-last column, and 
will not be included in the letter ballot. Smaller-size shaft- 
down to possibly 7 mm in diameter are still under dis- 
cussion and will not be included in the letter ballot. 

In connection with Table VIII it should be noted that 
the torques for the three smallest shafts will be inserted 
in accordance with the practice used for the others. The 
listed “greatest torques” are ordinarily about 50° per 
cent greater than the torques U.S. motor manufacturers 
deliver at rated load on our general purpose line of 
motors. They are “maximum” figures and are made so 
large because most European delegations thought they 
were needed by them. This is another of the items lead- 
ing to the conclusion that if one of our motors were 
built in Europe it would ordinarily there be given a ma- 
terially greater horsepower rating than we give to it. 

Mounting Flanges. A proposal for the standardiza- 
tion of dimensions of mounting flanges will also be sent 
to letter ballot. The proposal will not associate flanges 
with definite frame sizes nor with definite ratings. The 
type of flanges being considered are those as shown it 
Fig. 2. These are the same type as the NEMA type D 
flanges. Here again two separate series are proposed, one 
an inch series and one a metric series. shown in Tables 
IX and X. The diameters of the holes were not specified 
for the four smaller sizes. Table IX. but will be in a 
cordance with LS.A. publication No. 18. Table Xin 
cludes dimensions for all flanges now standardized by 
NEMA. Agreement was reached that the “inch” countries 
could add smaller flanges if they desired. Discussions 
are now taking place between the United States and thi 
Lnited Kingdom delegates on this matte: 

Output Ratings. Recommended standard- for eutput 
ratings for electric motors will be sent to letter ballot 
These standards will include a primary preferred series 
hased on horsepower ratings. They will also include a 
secondary series of ratings based on kilowatt ratings. 
These ratings are shown on Table XI. Both the French 
and Russians expressed dissatisfaction with this table 
and proposed reducing the number of values by com- 
hining the two series above and then by omitting seme 
of each. In spite of this it was voted to send this to letter 
ballot. These two countries reserved the right to diseus- 
this again in the future. 

Future Activities. Even though all the above reported 
letter ballots are approved this standardization wilk be 
far from accomplishing the initial objective. The ehai: 
man. therefore, raised the question as to what furthe: 
action should now be initiated. It was agreed that nothing 
new should be initiated at this time nor in the near future 

Practices with reference to applying ratings to ma- 
chines are so different in the United States and in Eurepe 
that it is improbable that they can be compromised and 
until this can be done activities directed toward stand- 
ardization of ratings on each frame are likely ta be 
futile. IC 
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CONTROL is first! Now-—one step 
static control with switching reactors 


No wonder Nikita looks worried. (¢ 


strain off American industry's pocketbook by 


ONTROL has taken the 
cutting the 


cost of static control 


American engineers who want to 1 free use of power 
switching guided DY digital logic can now take over, be- 
cause CONTROL's standard line of switching reactors give 


freedom of design and economy never before availabl 


First, one-st¢ p Static control with SWite hing reactors 18 so 
easy to operate it can be put to work in everyday sequen 
ine and switching problems involving either a-c or d-<« 
loads. Auxiliary equipment is eliminated by the basketful 
(,one are all the preamplifiers, special powce! supplies 
information-sorting single purpose logic units, and power 
switching relays. CONTROL’s one-step switching 
does most of the job by itself. 


reactor 


these units, in four nominal volt-ampere ratings 
50 and 300, have no relay contacts or moving 
parts to replace Switching is by impedance change. Install 


+} } 


1em and forget them—no wear, no maintenance 


each ContTROL reactor performs all logic functions 


AND, OR, NOT, MEMORY and TIME DELAY—through its multi- 
purpose control coils. Signal source is derived typically 


from limit switches, push buttons, o7 p! 


hoto-cells 
Fourth, each unit has a 10,000:1 switching ratio under 
nominal supply voltage conditions. High inrush currents 
ire handled without difficulty 

lo learn how ConrTROL reactors work, and how thev'll 
fit your need for completely dependable, low-cost, ver 
satile static control, write—and see why Nikita looks wor 


ried. CONTROL, Dept. EM4o6, Butler, Pa. U.S.A 


Reliability begins with CONTROL. 


*Expurgated translation. Heavens-to-Betsy! A DIVISION. OF MAGNETICS, INC 
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Components 
ana Materials 


A staff compilation of the latest developments 


design-in use in electrically operated end products 


screened for 


complete 


with all released specifications and available application data. 





POLARIZED LATCHING 
POWER RELAY 


Series 61 d-c polarized relay is designed 


to switch 1-2 kw loads in response to 


momentary 1/4—1/2. watt — signals. 
The relay uses a permanent magnet 


latch in place of mechanical latching 
devices. Typical equipment in which 
they are used include machine control 


control 


batterv-energized 


panels and 





systems where contactors must with 
stand extensive shock and wear. 

The 61 is a DPDT relay with 4 
separate contact circuits and is avail- 
able in two forms: 61Y_ (single-coil 
2-position, magnetic bias; 61Z 
(single or dual coil), 
netic latch-in. The 


61Y is normally closed. A signal of 


only), 
2-position mag- 
armature of the 


given polarity and magnitude transfers 
it to the opposite position; removal 
of the signal or a change in polarity, 
returns it to the normal position. The 


61Z switches as a result of a momen- 


160 


tary coil signal of given polarity. The 
armature remains magnetically latched 
until a signal of opposite polarity re- 
turns it to the original position; in a 
dual coil 61, 


ing resets the switch without chang- 


a pulse in the reset wind- 


ing the other coil circuit conditions, 

Nominal contact rating is 20) amp 
(resistive at 28 volts d-c or 120 volts 
a-c, with standard sensitivities of 225 


or 450 mw. Minimum life is 100,000 


operations when operated not more 


than once per second. Sigma Instru- 


ments. Inc.. 48 Pearl St.. So. Braintree 


85, Mass 


Circle No. 501 Reader Inquiry Service Cards 
on page 17 


SEALED MINIATURE 
TRIMMING POTENTIOMETER 


Sealed miniature trimming potentiome- 
ter designated G-720 Series has a metal 
body and cover, both “UU” shaped, with 
the cover precision-fitted to the body 
for protection against humidity. splash- 
ing and dust. For further protection, 
unit is epoxy-sealed around the cover 
leads 


emerge from the case. and a silicone 


and around the where they 


O-ring is laced behind the leadscrew 
opening. 

Built for critical applications, unit is 
rigid, and resistant to twisting, impact 
and breakage. The metal construction 
provides equal coefficient of expansion 
between leadscrew and case, assuring 





stable 
used for the coil windings to give the 
needed te hold 
close tolerances, and also because glass 
dissipates heat quickly ® 


Glass 


settings. mandrels are 


dimensional stability 


This unit is adjustable throughout 32 
turns by a 
shaft. 


tained with precise increments, and tor- 


screwdriver in a_ slotted 
Accurate adjustments are ob 
que is constant throughout the range 
Case dimensions: 1'4 in. long. 
in. high, *g in. wide: weight: 14 oz: 
resistance range from 100 ohms to 100,- 
000 ohms in one case size: resolution, 
depending on resistance: 0.2 to 2 per 
cent: linearity: | per cent; tempera 
175 C. Units 
are supplied with Teflon insulated wire 


ture range: 9 C to 


leads or plug-in terminals. Aero Ele« 
Corp.. 2311 West Burbank 
Blvd.. Burbank. Calif. 


Circle No. 502 Reader Inquiry Service Cards 
on page 17 
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SUBMINIATURE ELEC- 
TROLYTIC CAPACITORS 
[vpe EC 


capacitors were specifically 


aluminum-foil electrolyti: 


designed 
for transistor and “low-B” tube ap 
plications 


where compactness is an 


important design factor. The smallest 


case size is 0.187 in. in diameter and 


14 in. long: the largest size only 0.375 
in. x 1% in. 


The capacitors are available in rat- 
ings from 3 to 75 volts d- 


working 
and in capacitance from 1.0 to 250 


uid, depending on voltage ratings 


Operating temperature range is —-20 C 


to 4-65 C. . » 


The units are housed in 


spec ial 
tubular ceramic cases. The capacitor 
sections are sealed with a special cast 
resin, making them moisture-tight and 


heat-resistant. Tinned copper leads are 
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TENSILE STRENGTH-—-ROOM TEMP. 


Cast Irons 


Normal 96-98% Al,0; 


10,000 PSI Strongest Steatites 


pla 

> amazing pecial ceramic mat 

> 4.000 
It has 
commercial high nology 
0 98% Al.O.,. It is tans 
particularly superior to any ordinary mec, 
th 0.00052 


These 


psi as ) » Laboratory { 

h. Massachusetts [1 
At 
ent Ss 


stron 0°? greater sear 


Stl 


strer than the best room temperature 


aluminas of 967 1 0.00006 0.00002 


0.0001 at 300 


han 
at 50 Km 


properties, « 


less 


metals in strength at high temperatures 


retaining 75° of its tensile strength 
20,000 psi at 2000°F (1100°C). 
Coors AD-99 is a superior dielectri: 


At 


loss tangents are lower than 


oml 
or 
make t 


most superior ceramic now av 


of the alumina family. 


material. modern micro-wave fre- 


quencies. 


for commercial use. In additior 


Porcelain Company operates under license for this patented pr 


Manufacturers of High Strength Alumina Ceramics 
GOLDEN, COLORADO 


Circle 157 on page 17 


the loss lé i rat et : 1\ 


excellent hardness and wear resist 


1. Loors 


DIELECTRIC PROPERTIES 


te. unequaled ho- 


vossible onlv through 


sostatic 1} 


. yer t 
1eve loped in Coors ov 


mors | 
l 


I T 


cess 


‘ TK. 


ior radome W ¢ 
ww available on a 
1 basis for criti- 
: 7 
mechanical appl 
make test 
levelopmental work at 
quantities can 


Produc 


supplied at prices onl 


parts for 


' 


nominal 
be 


vy slightly higher 


ince vour ¢ 
his the 


ailable 


costs tion 


than ordinary alumina ceramics. 


Champion Sparkplug ¢ pany, Toledo, OF 


COORS PORCELAIN CO., 642 9th St., Golden, Colo. 
Please send me detailed bulletin on new Coors AD-99 Ceramic. 


See our 12-page catalog in Sweet's Product Design File 





SIGNALS 
CRYSTAL CASE RELAYS 


HIGH TEMPERATURE 
UP TO 125°C AND EXCES- 
SIVE VIBRATIONS 
2000 CPS. AT 20 G. 


Consistently high reliability inherent 
in design and performance 


| 


These new Wheelock Signals Crystal 
Case relays will solve all your space prob- 
lems! Wheelock engineers designed these 
precision-made relays smaller than smaller 

about the size of a quarter . . . lighter 





than lightweight . approximately .35 oz. 
and sensitive enough to millisecond 
operation, yet so rugged to withstand rigid 
military evironmental specifications 
For consistent reliability, extended life and 
never-failing performance, specify Wheelock 
Signals Crystal Case relays for your elec- 
tronic applications. Wheelock will help you 
solve your relay problems they will 
giadly recommend the relay to suit your 
needs 


Write for additional literature and com- 


plete specs 


‘Wheelock SIGNALS 
~ mesavs QD LONG BRANCH, N. J 
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welded to the inode and « ithode tabs 
to insure low-resistance contact Leads 


will not pull hanapne Stable capacitance 


low dissipation tactor ind low d 
leakage current assure dependable per- 
formance under all normal operating 

Cornell-Dubilier Flectris 
Corp So. Plainfield. N. J 


conditions 
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STANDARDIZED DIODE FOR 
MICROWAVE MEASUREMENTS 


ViA-424 microwave crystal simplifies 


niecrowave power measurements — by 
allowing quantitative use of output 
oltages. Unit provides standardized 


law of detection and output voltage 
over a wide range of input powe! 
\pplications include instruments for 


measuring microwave power! voltage 


., > Ro 

£ 4 7 r 

a la Ne 
ee 


impedance. power ratio and = systems 


lor microwave age and other types ot 


control which rely on quantitative 


lationships between input microwave 

power and resulting rectified d-c. 
The MA-#24 is) physically inter 

changeable with other ceramic car 


tridge types (IN21, 1N23. IN32. MA 
108 series) and thus may be used in 
holders designed for these types. It is 
tested at 9O00 me/c in a fixed tuned 
waveguide holder. A. load resistance of 
10.000 ohms is used. All diodes are 
tested at LO pw. 50 “ew. 1 mw and 
10 mw. The MA-424 can be used for 
reproducible power measurements at 
X-band and lower frequencies. 
Selection of the proper operating 
level allows the MA-4124 to measure 
ratios such as vswr. A. reversible po 
larity MA-424, designated the MA-425 
Is also available. Microwave (sso 
Burlington. Mass 
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ciates, In 


MICRO-MINIATURE RELAY 


Micro-miniature relay of ruggedized 
construction provides high resistance 
to shock, vibration and temperature 
required in missiles and missile guid 
ince systems. Frame and header as 
sembly of bridge-type construction aft 
fords high resistance to distortion trom 
shock and vibration \ 


armature minimizes the effect of gray 


balanced 


itv. shock and vibration on operating 





: “ 
ae : 
ia.” : 


Owersize 


eliabilits instrument-ty pe 
hearings at both ends minimize hinge 
Iriction = tor nereased sensitivity and 
vreater contact pres-ure 

High temperature insulation incor 
porates the latest deve lopments in high 
heat resisting materials. Unit is her 
metically sealed and filled with inert 
vas tor maximum protection against 
~evere ambient conditions 

Speci ations include contact- DPDI 


100.000) operations min at 2 amy 


"8 volts d-c on 115 volts a-e, nor 
inductive load. Available for low level 
and dry current switching. Operating 
voltages. up to LOO volts d-c: resist 
ance range. 22 to 5000 ohms and up 
power requirement, 500 mw d-c: i 
culation to ground, 500 volts a-c rms: 
insulation resistance. 100 megohms mit 
it 500 volts dee. 25 C: vibration 10 
icceleration, 55-500 
eps at 20 gs: shock, 40 g’s for 


millisee: weight. 0.35 to 0.55 oz. Di 


55 cps at 10 g's; 


mensions. 0.797 x 0.675 x 0.359 
max Magnecraft Electric Co... 33504 
West Grand Ave., Chicago 50. Ill 
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ENCAPSULATED TRANSFOR- 
MERS PERFORM FROM 125 C 
TO 175 C 


Reduced “ize combined wit! eliabilit 
at ambient temperatures trom 125 ¢ 
175 € are obtained with improved “Ey 


seal” encapsulated power 


transtermer- 
Developed for missile and airborne ay 
plications. the 
coil construction and special high-ten 
perature insulations which permit far 


greater miniaturization and reduce ten 


® 


ELECTRICATI } PUREN 





nits employ in unusual 


«> 


«? 








KEEP UP-TO-DATE ON MAGNETICS 


Now—guaranteed maximum and minimum 
performance limits for tape wound cores! 


nteed performance to 


€ wound cores coming {rot 
i ealing furnaces at Magnetics ar 
is proposed by the AIEI Working Grou} 
and Grading* Thus, st nd rd core 
engineer-designers i Stan 
e is guaranteed within fixec 
Ime has established the li 
minimum and n nal B B./B 
mance data. It is published for one, two, four 


thickness for Orthonol® and Hy Mu 80 


or vou to select and order cores specifically * Pa 


just as with any other standardized Flu 
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RATED 
COUNTERS 






Stroke and 
Revolution Counters 
for the Toughest Jobs 


e 200 Million Count Life 


e Rugged, oversize shaft and 
bearings 

e Shakeproof—only one screw 
in counter assembly. 


e All steel housing with snap- 
on cover—chrome plated. 


e Reliable — no skip or over- 
count. 


e Tamperproof reset. 





PIC-600 


Basemount 
Knob reset 


e 50 Million Count Life 


e 7 watts power consumption— 
operable in plate circuit of 
electronic tubes. 


¢ 1000 CPM rating—reliable to 
1600 with suitable actuation. 


e Quiet—no AC hum. 


e Balanced armature—for reli- 
ability on airborne equipment. 


Also endurance rated counters 
, for all purposes. See your PIC 
| Distributor or write for catalog. 


| 

| Aodudlon Gutiumendt 

DIVISION OF GENERAL CONTROLS CO. 
8074F McCormick Blvd., Skokie, Ill. 





42 Branch Offices and Representatives 
SAU ONDE Um OLE er 
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perature rise as much as 50 per cent. 
len thousand hour life in 125 C 


ambients can be obtained. with even 
higher temperatures to 175 C available 
Units re- 


MIL-T-27 
Grade 5 Class T Life X specifications 


in shorter life applications. 


cently were approved to 


Features include: a moisture barrier 


which prevents penetration without a 


bulky. heat-retaining outer encapsula- 
tion: increased efficiency and good 
voltage regulation resulting from 


high winding space factor: and special 
encapsulation technique which achieves 
100 per cent saturation of coils, form- 
ing a rugged unit with superior cooling 
characteristics. Electro 
Works.  Ince.. 10] 
Leandro, Calif. 
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Engineering 


Preda St... San 


TINY SERVO MOTOR 
This 


motor 


tiny. 400 evele low-inertia 


measures only 


-erva 
14 in. in diam by 
14 in. Jong. 


The motor consists of a squirrel-cage 


rotor mounted on precision ball bear- 
ings. a 2-phase stator and a_ stainless 
steel housing. While the motor illus 
trated incorporates a tapered shaft, 





with 


can be 


similar units supplied 
shafts designed for specific applications 

Specifications include: 
0.94 oz: fixed phase 


phase voltage-—-26 


size—number 
5 frame. weight 
and control volts: 
fixed phase and control phase current 

stall 


speed- 


> 


92 ma; input—-3.3 watts: 
torque load 
9500 rpm: torque-to-inertia 

35.000 rad sec*: operating temperature 
range 55 C to wo... 
Pioneer Div.. 

Teterboro. N. J 
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power! 
Y.1]1 oz--in: no 


ratio 


Eclipse 


Bendix Aviation Corp.. 


MICA INSULATION FOR 
ROLLED OR STACKED 
CAPACITORS 


Two new types of mica insulation for 
rolled or stacked 
Capacitor Grade 
insulation 
insulation in 


use in 
called 


Samica 


capacitors 
and 
void-free, 
unlimited size at 


Isomica 
provide 
mica 





a fraction of the cost of imported mica 
films. 


Samica is a pure mica sheet made 
from either foreign or domestic mica 


refined to 
Highly 


being used in rolled capacitors instead 


especially remove all im 


purities. flexible, it is now 
of paper dielectrics. In such capacitor 
the Samica will withstand 
peratures up to 1000 F (550 C). 


can also impregnate the Samica sheet 


sheet tem 


Users 
with an appropriate resin for use in 
stacked or other capac itors. 

lsomica sheet consists of Samica base 
sheet impregnated with a special sili 
This 


characteristics at 


cone resin provides optimun 


dielectric continuous 
operating temperatures as high as 550 
F and 750 | 

Both materials are available in sheet 
thicknesses of 0.0009. 0.0013. 0.0015 
0.002 in. Mica 


Mining & 


intermittent operation at 


and Insulator Dis 


Minnesota Manufacturing 


Co., Schenectady. N.Y 
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TWO-SPEED SERVO MOTOR 
GEARHEAD 


7 wo-speed prec ision servo motor gear 


head model X-544 changes ratios ir 
ternally when d-c voltage is applied to 
or removed from. an actuating sole 
noid. 

Ratios in the Size 14 


are on the order of 1800:1] de-energized 


unit’ pictured 


and 36.000:1 energized. Similar two 
speed units are available in all ratios 
or combinations of ratios required 


Units are furnished with housings to 


mount to servo motors. 

Designed for integration with Size- 
11. 14 or 18 motors. the X-544 require 
0.008 in.-oz of starting torque. and will 
operate 12 in.-oz of load torque. Op- 
erating at the higher ratio. the assen 


bly features a backlash maximum of 


1 deg with a 5 in.-oz reversing load 
and it introduces not more than 5 min 
of position change when it shifts 


speed. Unit will operate in an ambient 
temperature range from 4) C to 125 
Roe 


Primary applications are in position 


ing computing mechanisms which re 





ELECTRICAL 


MANUFACTURING 











Another RCA First... 


ELECTRON 
TUBE 6A 


RCA-7086...xXenon 
Thyratron Forced-Air- 
Cooled, Negative- 





Control Triode Type 


(shown '/2 actval size) 





; ; = 
* Anode current averaged over any period of 15 seconds maximum 


Again. RCA leads the 
designed 
I gh a\ 
RC: 
ser a maximum pe ak anode r 


or 160 amperes in continuous ser 


jpu al X-ray tube control circuit, tw control 
es rms through the primary oj the power transformer 


soltage to the X-ray tube) 


; 

a single-phase inverse-parallel circuit, two 
n tr 2 L- 

L average ac output of 130 ki 


17 


verter equipment, two tubes can deliver up to 15 kva average power 
@ In speed control of dc motors, two tubes will control 220-volt de motors rated 
up to 20 horsepower. 
The 7086 has a high commutation factor, a relatively short dionization time, and a 
negative-control characteristic that is essentially independent of ambient tempera- 
ture over the wide range —55° to +75°C because of its xenon gas content 


RCA-7086 DATA 


Peak Anode Volts 
Forward 


Inverse 


Anode Amperes 
Peak 
Average 
*Averag 


**Averag 


Your RCA Field Representative will be glad to dis- 
cuss application of this new thyratron with design- 
ers of power-control equipment. For a technical 
bulletin on the RCA-7086, write RCA Commercial 
Engineering, Section C-54-Q Harrison, New Jersey 


}RADIO CORPORATION OF AMERICA 


Electron Tube Division 


Circle 161 on page 17 


Harrison, N. J. 





Solve Your 


HOT PROBLEMS 


with 


VULCAN 
VERSATILITY 


- IMMERSION HEATERS 


When you have hot problems 
in electric heat, you get a 
speedy solution through Vulcan 
Versatility — in design, engi- 
neering and manufacturing. 
Complete line includes finned, 
ring, band and pressuring heat- 
ers. All elements are available 
in a wide variety of sizes, 
wattage and voltage ratings, 
sheath materials, lead wires 
and terminals. 


Write for catalog 


| ToT wT 
VULCAN 
ELECTRIC COMPANY 


DANVERS 2, MASS. 


Cartridge « Strip » Tubular « Immersion Electric 
Heaters . Soldering and Branding Irons 
Solder and Glue Pots 
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last approaches but slower zero- 
action. Ad- 
vantages include small size and light 


or synchronizing 
weight low heat dissipation, low 
power consumption and overall reduc- 


tion in parts. Bowmar Instrument 


8017 Bluffton Rd., Fort Wayne, 
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MULTI-CONTACT 
TELEPHONE-TYPE RELAY 


\ 180 trame midget telephone-type 
relay features a wide variety of flexing 
spring contact arrangements in small 
size and at minimum cost. This relay 
style finds widespread use in low 


power military equipment, as well as 


computer and other commercial! 
equipment. 

\ maximum ot 16) flexing contact 
-prings can be supplied with 8 springs 
in each of two stacks. Minimum power 
requirements are on the order of 100 
mw per pole. Standard coils for oper 


type relays withstand ambient tem 


peratures to 6 ¢ Special coils are 
available lor ambients ot om or lor 
lise Im ene losed ind hermetically sealed 
relay types 

Standard contacts a nominally 
rated 115 volts a-c and 28 volts d- 
non-inductive at 5 amp for silver and 

amp for palladium contacts. For 
voice or low-level circuits, other con 
tacts such as gold allov or bifurcated 
palladium can be furnished. Struthers 


Dunn Inc Lambs Rd.. Pitman. N. J 
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ROOM TEMPERATURE 
VULCANIZING SILICONE 


RUBBER COMPOUND 


Room temperature vulcanizing (RTV 
sileone rubber compound designated 
81726 offers good physic il ind eles 


trical properties plus low shrinkage 


This compound i~ Gesigned tear int u- 


i dielectric compound for electroni 


ind t | components and assen 
blies. for filling voids. for sealing and 
cushioning 

In comparison to other types of RIN 
materials. 81726 is said to have superior 
electrical properties. better pertorm 
ince at high and low temperatures. and 
good flame resistance It also offers 


rage stabilitv. uniform pot life 


and consistent curing characteristic- 
[yvpical electric properties, as deter 
mined on an 0.08 inch ASTM slab at 
77 F and 50 per cent relative humidity 
volume resistivity. | x 10 
dielectric strength ot 490 


vpm and power tactor of lL.) per ent 


include 


ohms em: 


it OF ¢ ps 

Pypical physical properties, after a 
ure of 72 hours at 80 F, include 
tensile strength. 600°) psi: durometer 
hardness. 60; elongation, 100 per cent 
amadsedie B tear strength. 30 pi Thi- 
compound may be used over the ten 
perature range of 70 to 500 F. Cure 
times may be varied from 2 min to 6 hr 
Silicone Products Dept. 


Waterford. N. \ 


General Ele: 
tric Co 
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MULTIPLIER PHOTOTUBE 
WITH RED AND NEAR- 
INFRARED RESPONSE 


The 7102 is a multiplier phototube of 
the head-on |0-stage type intended tor 
ise in the detection and measurement 


low-level red = and 


near-iIntrareda 
radiation. It is capable ot ‘ry short 
time resolution ind has small ele: 
tron-transist-time spread 

Utilizing a semi-transparent phot 
athode with a minimum diam ot 

in.. the 7102 has a spectral respon- 
covering the range from about 4206 
to 11.000 Maximum re 
sponse occurs in the red region at ap 


ingstroms. Wher 


operated with a supply voltage of 1506 


ingstrom- 
proximately 8000 


volts. the 7102 has a median current 
implification of 465.000 and a mediar 
luminous sensitivity of 14 amp per 
lumen 
The 7102 has a maximum seated 
length of 4.07 in. and a maximum dian 
Electron Tube Div.. Radio 
Corp. of America. Harrison, N. J 
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Circle No 


ROTARY CONVERTER 
CHANGES D-C TO A-C 


\dded to the eXisting line of rotary 
verters is this vertical unit. whicl 
be mounted easily in a verth il posttiar 
i~ a4 Component of test equipment 


on ground mobile equipment whic! 


we 


ELECTRICAL MANUFAC 
























mae Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS No. 16 








New Reference Guide To Aid You 


Most complete reference guide to sili- 
cones ever produced, describes Dow 
Corning silicone products now available 
in commercial quantities: fluids, lubri- 
cants, resins, adhesives, varnishes, 
dielectrics, rubber, water repellents, tex- 
tile finishes, leather treatments, and 
other specialized forms. 














l 6 pag t 1 with ta and illu 
ppeal to your : 
I) ( Silice yne ea. 7m 
Cre xed . ' refere g his 3 a : , gee 
‘ies peopeses SILICONE DIELECTRICS AID MINIATURIZATION 
iene Pron the 
_ Silicone dielectrics help designers reduce a golf ball. It weighs a mere 2 ounces 
yas 5 Anes the size and weight of miniature motors )perates at controlled speeds ranging fro 
jieiec CS seve sas a 5 
a while increasing their dependability zero to 11,000 rpm and develops a sta 
opec in recent : Sf < 
: Case in point: the new Servo motors torque Of V./> ounce-inches 
months. A “must ; fi 
ea 7 produced by the Aeronautical Division ,, ; . 
or jesign ; Desp size. the . 
; of Minneapolis-Heney well. rice : a ‘ 
refe hile, you withstand operational emperatures ol 
can obtain your Containing what is believed to be the S00F and higher because they are fully 
Free Copy by cir- smallest stator coils ever wound for an ac nsulated with heat-stable Dow Corning 
cling No.62 motor, this entire motor is no larger than Silicones. Wound on bobbins, the 
stator coils are held in place and insu- 
N er h ° it”’ il ° V | . R T ed from ti frame by terminal st p- 
ew ‘Shape - it - yourse Silastic Vulcanizes at Room Temperature os eo Dow Cornime 301 
ports noideda irom OV c ing i 
- 71 mbli¢ an far ener, nottine < S “ 
A new, room temperature vulcanizing emolics: and for general potting Molding Compound to assure adequate 
silicone rubber with excellent handling I ind calking applications mechanical strencth 


characteristics and durability is now 







The miniature Servo motors drive calibr 






available from Dow Corning. Typical Properties of Silastic RTV 501 





tors, synchros, indicators and other assem- 











fuel measurement 


The new rubber, Silastic? RTV 501, stays 


Serviceable 









ind other aircraft 


range 70 to 500 F 
volts/mil .... 300 to 500 


temperature 






















systems 








Electric strength 





They present a “Tom Thumb” illustrati 







Dielectric constant, n 1 1 ] 
pa 26 of the adage. “Dow Corning Silicones give 
€ oO G seer eer eee > 
Dissipation factor, 


10? cycles per second _........-. 0.01 











Water absorption after 70 hours 


225%. eee Send Coupon for More 


Information 


Easy to process. the new silicone rubber | QQW CORNING CORPORATION - Dept. 453. | 
















long shelf life and mixes easily with Sas 
a long sh “ nd mixes easil ae Midland, Michigan 
the recommended catalyst. The two ingre- 
’ 7 ie , P Please send me 62 63 64 
dients can be blended either manually or 


mechanically as long as three hours before | NAME - — 
ng used. Both the fluid polymer and 
catalyst have a viscosity of approximately 


60,000 centistokes. Silastic RTV 501 cures | COMPANY — 


TITLE 


it room temperatures within 24 hours and | street 
ttains maximum physical properties in 


only 2 to 3 days No. 64 or an ee 























ATLANTA + BOSTON * CHICAGO + CLEVELAND + DALLAS + DETROIT + LOS ANGELES + NEW YORK + WASHINGTON, D.C. 


Canada: Dow Corning Silicones Ltd, Toronto; Great Britain: Midland Silicones Ltd., London; France: St. Gobain, Par 
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A good word for quality 


phenolic molding compounds 


in their widest applications 
a oy gull « 


. . a good word, too, for dependable counsel. Whether 
you take our advice or not, you can’t help but profit from 
your consultation with Plenco’s problem-solving specialists. 
And, in production, you can’t help but benefit from 

the wide-ranging knowledge with which these modern 
molding materials are formulated and the precision 

with which they are produced. 


Yor M elude Milo hG eli) 1m ome Aol eae Ue lala ele 
that Plenco compounds, in their exceptional variety, 
versatility and quality-controlled uniformity, can provide 

Lae AMAL ARO meee ule iicel Miele 


ad oe On 
ENGINEERING 
COMPANY Gitgteeainiies 


Sheboygan, Wisconsin 


Serving the plastics industry in the manufacture of high grade 


phenolic molding compounds, industrial resins and coating resins. 
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supplied only with d-c and must have 
i small source of a-c. 

The converter is 1114 in. high with 
a diameter of 7'46 in. and weighs 65 Ib 
Precise 60 cycle output frequency is 
maintained within a fraction of a cycle 
as the attached speed governor holds 
the speed at 3600 rpm. The unit is both 
fungus-proof and corrosion-proof,. 

Output is 350 watts. 115 volts, single 
phase. 60 cyele of two-wire design. The 
input is 24 volts d-c, 3 amp per ter 
minal, 2 field amp. Kato Engineering 
Co.. 1415 First Ave.. Mankato, Minn 
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HIGH TORQUE FRACTIONAL 
HP GEARMOTOR 


Model VW-3 is a high speed universal 
reversible motor with triple gear re 
duction that makes possible high 
power and starting torque. Weighing 
less than 515 Ib, it is stocked in 6 
ratios from 1787:1 to 52:1, producing 
up to 150 in.-lb torque. Output speeds 
it full load range from 2.8 to 100 rpm 


The unit has a universal 1/15 hp 
motor (also 1,10 or 1/6 hp), 110 volts 
60 cycle a-c for intermittent and lim 
ited continuous duty ipplications 
Overall length is only 8 3/4 in. The 
motor is wired for instant reversing 

The right angle drive, with output 
shaft available on either side, is de 
signed for the most ethcient use ot 
-pace. Gears are precision cut and are 
totally enclosed in a diecast housing 
von Weise Gear Co 9353 Watson li 
dustrial Park, St. Louis 19, Mo 
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XY DECA SWITCH 
The XY Deca Switch is designed 


perform various control and selecting 
functions commonly found in commu 
nications and industrial control equip- 
ment 

The switch provides 10-point sele 
tion over 4 levels, with 1] wires per 
level. Bifurcated wipers leave one cor 
tact before touching the next. and su 
cessive circuits are not bridged, even 
momentarily. In home position, the 
Wipers rest on one of the 11 wires in 


the wire bank which may also be used 


ELECTRICAL 





TYPICAL CAPACITANCE 


+20 
a +15 
. 
rN 
0 _ +10 
a 
< 
oF 
ew «+ 
zo” 
wz 
Od or 
ns ee 
w °o — o_o 
a 0 


vs TEMPERATURE CHARACTERISTICS at 1000” 


~ FILMITE “E” 


ae FILMITE “F” 






=== _STYRACON 


+85 ~——=— FILMITE 








“Gg 
a% 
—50 —25 ie) +25 +50 +75 +100 +125 +150 +175 +200 
TEMPERATURE—degrees C 
ae STYRACON (85°C) FILMITE “E” (150°C) FILMITE “G" (200°C) 
| 
RATINGS | .001 to 1.00 uF .001 to 1.00 uF .001 to 1.00 uF 01 to 1.00 uF 
50 to 600 WVDC | 200 to 2500 WVDC_ | 200 to 600 WVDC 20 ea to 600 WVDC 
STYLES tubular metal cases tubular metal cases tubular metal cases tubular metal cases 
screw-neck cases | screw-neck cases } screw-neck cases | screw-neck cases 
drawn metal cases | “bathtub” cases drawn oval cases 
WRITE FOR Engineering Bulletin Engineering Bulletin Engineering Bulletin Engineering Bulletin 


TECHNICAL DATA No. 2510 


} No. 2410 


No. 2560 


No. 2610 





4 kinds of film dielectric Capacitors 
for specialized applications 


Here are four plastic-film dielec- 
tric capacitors now in regular pro- 
duction at Sprague: 


STYRACON CAPACITORS find wide 
application in laboratory equip- 
ment and in industrial controls 
where their low dielectric hyster- 
esis (low ‘“‘soak’’), high insula- 
tion resistance, high ‘*Q’’, low and 
linear temperature coefficient of 
capacitance are of great value. 


FILMITE “E’’ CAPACITORS § are 
general-purpose capacitors for use 
up to 150°C where capacitance 
stability with temperature is of 
secondary importance. They are 
also used at lower temperatures 
where very high insulation resist- 
ance is a prime requirement. 


FILMITE ‘“‘F’’ CAPACITORS are in- 
tended for use in circuits where 


SPRAGUE COMPONENTS: 


the absolute minimum in capac- 
itance change with temperature 
is a must and relatively large ca- 
pacitance values are used. These 
capacitors typically will be within 
05% of their 25°C value from 

10°C to+85°C. They may be 
used up to 125°C where greater 
capacitance excursion is tolerable. 


FILMITE ““G” CAPACITORS have 
the highest temperature rating of 
any organic dielectric. They may 
be used up to 200°C! All units are 
nickel-plated to withstand ‘high 
temperature corrosion. They also 
have the highest insulation resist- 
ance, the lowest dielectric hys- 
teresis, and the lowest dissipa- 
tion factor of any capacitor made 
so that they are often used at 
lower temperatures which are 
above the 85°C limit of the lower- 
cost Styracon Capacitors. 


CAPACITANCE VS. TEMPERATURE 
CHARACTERISTICS of all four types 
of film capacitors are compared in 
the chart above for the benefit of 
the circuit designer. 


ALL SPRAGUE FILM CAPACITORS 
are designed to have positive 
electrical contact between leads 
and electrodes, even at low oper- 
ating voltages. 


WRITE For ENGINEERING BUL- 
LETINS on the Sprague plastic-film 
capacitors in which you’re inter- 
ested. Address your letter to 
Sprague Electric Co., Technical 
Literature Section, 307 Marshall 
Street, North Adams, Mass. 


Dem a 





CAPACITORS + RESISTORS + MAGNETIC COMPONENTS - 
FILTERS + PULSE NETWORKS > 


TRANSISTORS - 
HIGH TEMPERATURE MAGNET WIRE - 


INTERFERENCE 
PRINTED CIRCUITS 


See Us at the |. R. E. Show—Booths 2416-2424 
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lor some circuit) tunction. 

\ feature of the switeh is the ea- 
removal of — the wire banks whi 
makes changing the leads attached 
these banks easier and faster thar 
the hanks were stationary 

Springs are of high grade 
silver. and contacts are twin domes 
| palladium. Stromberg-Carlson Cx 


irlson Ra Rochester 4 \ 


1. Gear cluster: 2. Wipers Wire bank- 
1. Mounting plate ». Gear rack; 6. Off 
normal bracket: 7. Release magnet; 

Drive pawl: 9. Interrupter springs: It 
Switching lever: 11. Off-normal spring 
pile-up: 12. Drive magnet: 13. Terminal 
board: 14. Retractile spring: 15. Locking 


lever 
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SMOOTH SURFACE 


<y 
wee 


helps RAYTHEON develop new COPPER PLATING 


Smooth surface copper plating to ar 


*¢e thickness can be achieved with CusSOl 
SPACISTOR amplifier X new ation agent for arid cope 


bath solutions 


. y . The CusOl process eliminate 
The Spacistor, Raytheon’s new semiconductor 


amplifier, opens new horizons in missile and com- up which oceur in ordinary acid copper 
munications equipment design. Still in develop- baths. making it particularly useful fo 
ment, the Spacistor promises to combine many electro-formed molding — operations 
advantages of transistors and vacuum tubes. Since CuSOL’s acid base does not af 
Viewed through a Bausch & Lomb Stereomicro- fect the laminate boards. it can als 
scope, contact points that are normally barely oe an Eee GeNeeS -CmeiM 
visible can be positioned with hairline accuracy. ~~ 
3-D magnification shows al! parts vividly, right side 
up. Long working distance permits free movement normal cold or warm acid copper batl 
of hands and tools between eyepiece and stage. Dustproof, shockproof The 
optical system, with sharp, flat images free from distortion, assures posit not only makes for smoothnes- 
fatigue-free viewing throughout prolonged examination. and ductility but ends flaking and 


roughness. treeing and nodular build 


manutas 


Spacistor shown next 


The addition agent is usable up 
to ordinary pinhead 


15 davs without replenishment in an 


resulting fine grain copper & 


cracking. A 0.030-in. CuSOL copper 


T BAUSCH & LOMB OPTICAL CO plate has the same ductility and elor 
84727 ST. PAUL ST.,ROCHESTER 2, N.Y gation as 0.016-in. plating 


[] I'd like to borrow a B&L Stereomicroscope 
for a 15-day trial without cost or obligation 


[] Send me B&L 3-D Micro-Vision Book (Cat 
D-15), containing valuable data, showing ac- 
tual stereo views 


SEE FOR YOURSELF! | 
MAIL COUPON FOR | 
FREE 15-DAY TRIAL | 

| 


SION smcmaO\esm 


TITLE 
COMPANY 


ADDRESS 
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.-- Your best motor investment is Century 






Problems in motor application? Solve ’em right here! 














[he best testimonial to Century’s broad range of motor more, yet give you a lot more. Want to ta out 
7 ‘ 5 £ i e ant t ta adout it 


types and sizes, and skillful application engineering from your viewpoint? Call your local Century man or 
is this: Customers stay with us. Order after order \uthorized Century Distributor 


Year after year 

That points to one thing: Equipment Manufacturers 

and users make money through Century motor pertorm- 

ance, long life, dependability. That’s one of the reasons MOTORS 

for Century growth and present capacity, typified by 

the modern St. Louis headquarters plant shown here. CENTURY ELECTRIC COMPANY 


( entury motors, from 1/20 to 400 HP, cost you no St. Lovis 3, Missouri * Offices and Stock Points in Principal Cities 
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Only Furnas provides a choice of 10 starters 
through Size 4, instead of the usual 5, to 
match the applications from | hp to 100 hp. 
All are UL listed. Exclusive ‘In-between" 
sizes give additional cost and space ad- 
vantages. 


Combination Starters—a single mounting plate con- 
taining magnetic starter and disconnect for econom- 
ical installation. Combination unit is used for all types 
of enclosures as well as an open unit for panel mount- 
ing. All Furnas Combination Starter enclosures feature 
external mounting feet for simplicity and accessibility. 


Push Buttons for every need—Standard, Heavy-duty and 
Oil Tight. Choice of either front or back mounting. 
Furnas standardization and interchangeability mean more 


variations with fewer parts. Complete accessory line. 


Drum Pressure Limit Foot 
Controllers Switches Switches Switches 


For full information write for Catalog 5800, 
1024 McKee St., Batavia, lllinois 


FURNAS ELECTRIC COMPANY 


BATAVIA, ILLINOIS 
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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complished through ordinary acid coy 
per solutions. Current density range is 
wide, from 5 asf to 280 asf. Ti 
Seymour Manufacturing Co., 20 Frank 
lin St.. Seymour. Conn 
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SIZE 20 HYSTERESIS 
MOTORS 


Built especially for use 
peratures, these 400 cycl 

ture 28 watts output pow 

eent etherency. 

\pplications include 

ing synchronous speeds 

with high inertia loads: hig 
quency applications requiring 


slip: single-phase applications requ 


ing combined low slip and good start 
ing torque: relay-operated or clutcl 
actuated servos: where speed must be 
absolutely independent of voltage flu: 
tuations over a predetermined range 
where motor speed is varied by supply 
frequency control. 

Special features include: a cobalt 
steel rotor tube specially heat treated 
to prevent changes in periormance 
due to high temperature operation: 
centrifugal blower built directly int 
the rotor mounting spider both cool- 
the motor and prevents heat building 
up in the rotor to cause cracking of 
the tube: a bearing bracket not pinned 
radially, but screwed into a mating 
housing thread to butt the faces of 
the housing and bearing bracket, there 
by insuring squareness of the bearing 
bore to the shaft axis. Syntorque, Ine 
601 W. 26th St., New York 1, N. Y 
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VIBRATION-PROOF 
CONTROL LOCK 


Shear-action locking device positively 
holds control settings and eliminates 
the backlash and creepage of conven- 
tional friction-lock controls 

Available in a variety of sizes and 
models for applications in the indus 
trial and control fields, the locking a 
tion is automatic at an infinite number 
of settings. This feature eliminates 
manual locking and unlocking, as well 


ELECTRICAL MANLFACTURINE 
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“Less inspection time, less rewiring, 
when we use Rome’s machine tool wire”’ 


ivd Tool & minimum 

roit, Michigan “We buy Rome wire in million- 
foot quantities and find that the 
quality is consistent in each lot re- 
gardless of when it is purchased.” 
says G. H. Whitehouse, Snyder's 
vice president. “This results in a 
significant saving of time in inspec- 


tion and rewiring a faulty job.” 


ur nearest Ror 
r write Department 
MORE THAN 128,000 FEET ot Rome’s 


rachine Ol Wire are used In Snyd 


station segmented transter 


turns t 157 finished aute haust mani- 
folds per hour. Ten control panels and one 
master ontrol I inel supervise the com- 


pletely automatic operation of ten indi 
vidual iat hine sections EC O R p O R A 7 O N 
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with the STRIPPIT 


FABRICATOR 


THE STRIPPIT FABRICATOR 
1 single compact multi-purpose 
‘unch Press with quic 


older. quick-set 


, 


Short run? Complicated pattern 7% If it's sheet metal up to '4° mild 


: 
steel, if it's punching. notching or nibbling. it’s profitable on a Strippit 


Fabricator ! 


Set up in minutes ! Punches and dies are changed in 30 seconds or less 
and Strippit guided punches need no aligning or adjusting. Back stop 
with precision gauge is instantly set by a locking knob. Self-tripping 
finger stops on gauge bars provide multiple stopping as the work is 
moved rapidly under the punch. A switch elves you single punching or 
165-stroke-a-minute nibbling. and all tools are within quick reach in 
attached “file drawers” or shelves. The Fabricator is more than a 
one-machine shop its a whole system of quick-change. high-profit 
fabrication used by thousands of shops 


What's more. vou can add the Strippit Positive Duplicator ior high speed 


punching in medium runs plus the Dupl-O-Scope to punch Duplicato: 


templates right from the drawing. in a few minutes. Write today for 
details and demonstration at your plant by the Strippit mobile unit 


Warehouse stocks in Chicago and Los Angeles 


HOUDAILLE 


222 Buell Road, Akron, New York 


In Canada: Strippit Tool & Machine Limited. Brampton, Ontario 
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as adjusting, rechecking and resetting 
of controls. The primary lever re 
sponds freely while the secondary or 
driven lever is always lo« ked and can 
not be moved by vibration or feedback 
loads 
The automatic irreversible control 
has three prime elements: two locking 
shoes (one for each direction), and 
the quadrant. Two self-aligning shoe 
pins (] ind (2)—-on opposite sides 
ol the common center engage the 
underside and the outside of the quad 
rant. Forces applied at the secondary 
or driven lever toward the right pro 
duce a couple and increase shearing 
action on the quadrant between the 
shoe pins. Forces applied in the op 
oposite direction have the same lock 
ing action on the opposite shoe, pro 
viding an irreversible lock in both 
directions. Force applied at the 
primary or driving lever unlocks the 
shoe pins by slightly rotating the shoe 
plate on its axis and causing the pins 
to fall rapidly away from the quadrant 
When force is released, the shoe is 
returned to its normal locked position 
compression spring. Reid Metal 
ts. Inc., 2021 No. Lincoln St 
Burbank, Calif 
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FIXED LOSS AND 
BRANCHING NETWORKS 


Line of fixed loss and branching 

works include models numbered 

and 7304, which replace four previous 
types. known as numbers 1008. 120] 
3046, and 2702. These units are de 
signed for recording studios. labora 
tories and TV and_ broad asting sta 
tions. Frequency range is from 20 to 
20.000 cycles. and they are available in 
line impedances of 30, 50. 150. 250 
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When control panel squeeze pinches your profits 
you need Rome’s easy-to-install control cable 


Here 


qa 


Faster installation . .. more profit 


dd 


\ aS 


s.” With Rome's Rolene it 


ween ROME CABLE 
depend on Rome’s “CT-2” ntrol ible 
ect ns taster ang easier. Cc O R Pp O R A 7 | oO N 
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bring General Electric 










Twist-tab capacitors in 1° and 1.375" 
diameter sizes feature G-E etched foil 
to increase effective anode area. They 
come supplied with printed circuit board 
mountings or regular solder eyelet 
eM Ma aril) Meee e 
left is actual size. Units above are 
Plt hd ese Toile P 4 ee 


ALUMALYTIC 


Alumalytic is General Electric’s 
trademark for its electrolytic 
capacitors made with 99.99% 
pure aluminum foil. 

Alumalytic capacitors give you: 


Longer shelf life because of less oxide 
deterioration 


Longer operating life because of lower 
leakage currents 


Higher reliability because the foil contains 
fewer impurities 








Alumalytic capacitors for very high 
ide Tye a ee 
in computer power supplies, come in 
1%", 2°, 2'’2" and 3" case diameters. 
Ratings up to 35,000 mfd; 350 vde are 
ee Tie], ee MS atl) 
Py ati me ee 
conditions. (Capacitor above is shown 
Veta 1b 


Insulated metal tubular capacitors are 
Celi] CMM Mey a ee 
Pattie MU Cc 
Crt Pe ae) 
PTCA UCU ML 
TTC laR Tite Lc LEM ha) ee 
above is shown actual size.) 


Competitively priced units made 


with 99.99% pure aluminum foil 














Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 


Visit booth #2928 at New York I|.R.E. Show, March 24-27. 








Pencil-thin slides increase 
valuable chassis space 


CHASSIS-TRAK slides, with a 


new design improvement which in- 


which locks in 7 positions (45°, 90 
and 105° up, down, and horizontal), 
creases the bearing area, are stronger and the “Basic,” which tilts upward 


and more rigid... yet as thin as a but has no tilt-lock assembly. 


pencil (.250")! Before making a slide selection, 
consider the advantages of the 


CHASSIS-TRAK a/tra-thin design. 


and makes your electronic equip- Det. 


This ultra-thin design allows up to 


3” more in important chassis space 


nt’ model, locked in one 


ment more accessible with smoother seven positions. 


sliding action—even on heavy-duty 
chassis 

Because of the thin design, you 
can fit a standard 17” chassis into a 
standard 19” panel rack. Thus you 
can cut engineering costs in half by 
using standard stock racks and 
chassis 


Slides are available in eight differ- 


ent lengths on both the ‘“Detent,” 


Write today for complete specifications and prices. 


525 South Webster, Indianapolis 19, Indiana 
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FILM RESISTORS HAVE 
IMPROVED TEMPERATURE 
COEFFICIENTS 


N-stvle and S-stvle film-tvpe resistors 


available with improved tem 





perature coefhcients i ill three sizes 
| i 2 val | t \ «' \ a 
\-30 ; S20: &.25 d 8-30 res < 
( } ¢ te verature yett ¢ ‘ 
0.015 per ent pe legree ( | 
perature oefhete ‘ ‘ hree 
in both styles was +0:03 sail tie 
desree ( 
The S-stvle resistors f val 
eratir t te oraturs t ( 
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aress... 


, ee A complete line 
: ; ; : of quality wires and 
: R cables including — 
Ss ool AIRSAC TV LEAD-IN WIRE 
wi 3 ; ; APPLIANCE WIRE 
— ‘ ; ANNUNCIATOR WIRE 
ANNUNCIATOR CABLE 
ANTENNA LOOP WIRE 
© BRAIDED WIRE 
a Dy . COAXIAL CABLE 

» CUSTOM CABLE 

CONSTRUCTIONS 
: FLAME RETARDANT 

HIGH VOLTAGE WIRE 
va Cee Py FLEXIBLE BELL CORDAGE 


HIGH FREQUENCY 


| cA BL iS 4 , a a 


— tha awe ae 
== 
Soreness cette 44 2 
Enon a rrr. p 
oe ——— nrc 
a eee jee ws 
3 — 


HIGH FREQUENCY 
LEAD WIRE 
INTERCOM, CONTROL 


Expanded plant facilities assure fast service MICROPHONE CABLE. 


3 , MIL HOOK-UP WIRE 
on famous-for-quality Chester wires and cables MINIATURE WIRE | 
MULTIPLE CONDUCTOR 
CABLE 
NYLON COATED WIRE 
The new ultra-modern Chester Cable Corporation plant is now in OVERBRAIDS 
full production on super-rugged extra-pliable Plasticote and Plasti- ‘PARALLEAD” TV 
cord wires and cables. These longer-lasting Chester conductors, - LEAD WIRES 
plus nylon coated and teflon wrapped wires are available in standard Re CABLE 
types to meet every wiring requirement. When specifications in- PHOTOELECTRIC CELL 
dicate the use of custom constructions, they can be produced to CABLE 
your special design. The Chester engineering staff, and research ROTOR CABLE 
facilities, are available to help solve unusual wiring problems. RVC-300 APPARATUS WIRE 
SHIELDED CABLE 
TEFLON® LEAD WIRE 
TELEPHONE BRIDLE WIRE 
TELEPHONE CABLE 


CH ESTER _E TELEPHONE INSIDE WIRE 


Pioneer Producers of Plastic Insulated Wires and Cables since 1940 


CABLE CORP. 


A Subsidiary of Miami Copper Company 
25 HILL STREET, CHESTER. N. Y. 
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in the 1, 2-watt size is 500 k. The N-25 
and S-25 in the l-watt size have a 
maximum resistance of 1.5 meg. Max- 
imum resistance of the N-30 and S-30 
in the 2-watt size is 4.2 meg 

Specifications of all N-style and S- 
style resistors meet all requirements 
of MIL-R-10509B and MIL-R-11804B. 
They combine high temperature rat- 
ing. stability and a wide variety of 
resistance ranges with a high degree 
ot miniaturization Corning Glass 


Works. Corning. N. ¥ 
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and get these 
5 BIG ADVANTAGES HIGH PERMEABILITY ALLOYS 


IN THIN GAUGE STRIP 


Four high permeability illoy ire 


Higher Dielectric Retention @ Greater 
Flexibility @ More Heat Resistance © A i A i, a Be 
Available in Coils @ Can be After-Treated =? "(0 in. and in widths between 


in. and 314 in. Strip thickness is held 
to +-5 per cent by automatic X-ray 
vauge controls 

These alloys are: HyMu “80,” a high- 
permeability, non-oriented 79 per cent 
nickel-iron-molybdenum alloy; Hy-Ra 
80." an oriented, 79 per cent nickel- 
iron-molybdenum alloy with square 
hysteresis loop properties; High Per- 
meability “49.” a non-oriented 49 per 
cent nickel-iron alloy which has a 
saturation flux density of ap- 
proximately 16.000 gauss: and Hy-Ra 
“49."° an oriented, 49 per cent nickel- 


iron alloy with residual magnetism, 





Br, at least 93 per cent of the maxi- 
mum flux density. The Carpenter Steel 


AVAILABLE IN @ Even under the most severe operating con- | ©. Reading. Pa 
FOLLOWING ditions, Varfil Sleeving and Tubing retains its Sree re ae ee ee Sone ae 
NEMA CLASSES : average dielectric strength. Twist it, tie it, 
CLASS B-A-1 bend it, wrap it, knot it. Remains just as 
7000 Volts Average pliable as when you started. Won't crack, MINIATURE D-C— 
CLASS B-B-1 peel or suffer dielectric loss. Heat Varfil 2000 A-C CHOPPERS 
OBES Volts Average hours at 110° C.—1,000 hours at 125° C.— . 
CLASS B-C-1 and even for extensive periods at 150° C. It Line of miniature d-c, a-c choppers 
petagapiaplameal won't break down. Can be after-treated in feature a novel twin-contact arrange- 
1500 Vets Aw e baking and varnishing operations. Reacts ment for increasing reliability. There 
er better than other oleoresinous materials and | @re two independently adjustable, par- 
synthetic coated tubings. Available in handy allel-connected contacts used, making 
coils so you can cut the exact lengths you 
\ need . . . no waste. Standard colors. Wide 


range of sizes. Send coupon today for free 
sample folder. 


CORPORATION EXCEEDS OR MEETS ALL A.S.T.M. SPECIFICATIONS. 


- Makers of Electrical / ——-—-———————— RE aR eee emraeee 














' 
| Insulating Tubing , . 
oe bia ubing / VARFLEX CORPORATION | 
eevin / 
| ie 504 W. Court Street, Rome, N.Y. ; 
Please rush free folder containing samples of Varfil Sleeving and Tubing. Also include | 
| details on electrical tubing or sleeving you suggest using for | 
| | 
| ee ’ =n | 
| Name a Title ——— | 
| 
Company- ae : = a = | 
| Street_— a iniasamasiicshelbgiiigaaicicaiteg 
City wasn SS a — | 
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1001 USES 


for these versatile, 
low cost switches 


HIGHER RATINGS: Over 6 types with 3-amp, 
125v ac U.L. ratings for small 
motors, appliances, etc. '- 


and l-amp ratings for others. 


1 TO 3 POLES in compact, easily-mounted cases. 


UP TO 4 POSITIONS with positive, sliding action 


that lends a modern touch to 


any product. 


MOMENTARY OR MAINTAINED CONTACT in 
slide, pushbutton, or plunger- 
operated types. 


PRINTED CIRCUIT TERMINALS optional on all 
types. 


TERMINAL SHIELDS to meet Underwriters’ require- 





ments available for all types. 
13 Standard 

Types for any 
circuit need 


MANY STANDARD ‘‘SPECIALS”’ stocked for im- 
mediate delivery. Typical types 
include: Type SS-5 with line 
cord prong guide for use as 
“battery-line’™’ changeover switch in portable radios. 


Type SS-19 an SPDT plunger switch with spring return. 
Type $S-21 four-gang, SPDT on a common base. 


C) Fixed and Variable composition re- 
/y sistors Snap and Slide switches 
WS 0 Ceramag”™ ferromagnetic cores 

Q > Fixed composition capacitors Iron 
Cc? § -|-i-d-e SWITCHES . 


cores Ceramagnet”™ ceramic mag- 


Electronic Components Division nets Brushes for 
STACKPOLE CARBON COMPANY all rotating electri- 


Ce a cal equipment 
In Canada: Canadian Stackpole, Ltd., 550 Evans Ave., Etobicoke, Toronto 14, Ont. 





Electrical contacts 
and hundreds of related carbon, 


graphite and metal powder products 


MARCH 195 
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OVERLOAD 
PROTECTION 


COMPACT 


DEPENDABLE 
CONTROL 


a total of 4 for SPDT and 8 for DPDT. 

The case size of the miniatures is 
144 in. x 1 in. x 2" in. Electrical 
noise and thermal emf’s are virtually 
eliminated through the use of a Mu- 
metal case, effective internal shielding 
and a noval plug-in low-loss base with 
gold-plated pins. 

Eleven different models. SPDT or 
DPDT. are offered for use either on 
5C, 60. 94 or 120° eveles. 
Arnold, [nc 
Mass. 
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VINYL-METAL LAMINATE 
BONDING PROCESS 


A vinyl-metal laminate bonding proc- 


Steven-- 
22 Elkins St., So. Boston, 


ess has been developed that eliminates 
high temperature deterioration of the 
adhesive and resultant delamination of 
the materials used. 

Drawn parts laminated by the new 
technique have been subjected to a 
temperature of 190 F for 4 hr without 
delaminating or showing a measurable 
weakness of the bond. Vinyl bonded to 
metal and then drawn tends to return 
to its original shape. Under old lami- 
nating processes, when the laminate is 
subjected to heat the adhesive breaks 
down and the vinyl peels back from 
the metal, creating a skirt-like effect 


182 


WITHOUT 
1 OVERLOAD 
wm“ PROTECTION 
| TYPE “NF” 
| Weight—1% lbs. 
t 


MANUAL STARTERS 


COMPACT...ECONOMICAL 
COMPLETE LINE 


Type ‘““NF”’ Manual Starters. . 


overload protection . . 


in 2, 3 or 4 poles. 


with overload protection . . 


able in sizes 0 and 1. 


applications. 


along the edge. 

The process and techniques are valu- 
able in the production of radio and TV 
cabinets, various cases and other items 
that may be exhibited in display win- 
dows and subjected to intense radiant 
heat. Using the new process, the com- 
pany now is manufacturing cabinets. 
cases, automotive parts, instrument 
panels and other parts that require 
deep drawing. Arvin Industries. Ine.. 


Columbus. Ind. 
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2 AND 3-UNIT PLUG-IN 
VARIABLE RESISTORS 


Two and 3-unit side-by-side variable 


resistors come equipped with plug-in 
mounting brackets and are available 
in 12 basic types. each with 17 shaft 
lengths, for TV receivers and other 
assemblies. The 


electronic controls 











. toggle-operated, without 
. are compact, and completely depend- 
able. Rated to 30 Amp., 2 hp capacity at 600 volts. Available 


Type “RT” Manual Starters . . . push button operated, 
. are small and reliable. Control 


single and polyphase motors up to 7!% hp, 600 volts. Avail- 


Both “NF” and “RT” types supplied with general pur- 
pose, weatherproof or explosion-proof enclosures. Arrow- 
Hart’s complete line also includes manual starters, without 
overload protection, for reversing_and two-speed applications 

. and toggle action switches for other manual starter 


Write on company letterhead for 12-page catalog section to 
The Arrow-Hart & Hegeman Electric Co., Dept. EM, 103 
Hawthorn Street, Hartford 6, Connecticut. 


ARROW - HART OF HARTFORD 


- ~~ a 
i leh 
ato a 











eliminate many of the production op- 
erations needed to mount separate con- 
ventional controls. 

Printed wiring terminals and sturdy 
snap-in metal mounting brackets pro- 
vide firm support. The controls have 
heen designed with sufficient clearance 
to allow wires or small cables to pass 
under the control. 

The plug-ins have screwdriver-slotted 
phenolic shafts adjustable from both 
sides. The longer shaft extensions or 
one side are available in standard 
lengths from 0.024 in. to 1.270 in. from 
mounting surface. 

Solder-dipped printed 
minals on all types are spaced in a 
cordance with EIA standards. Types 
are available with terminals either par 
allel or perpendicular to shafts to meet 
requirements. Electronic Component- 
Div.. Stackpole Carbon Co.. St. Marv- 
Pa. 
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HIGH TEMPERATURE 
CORE TUBES 


Rectangular and round high-tempera 
ture core tubes or coil forms without 
flanges are available almost 
limitation of size. 


wiring ter 


without 


Class “H” tubes are of laminated 
silicone glass cloth and are designed 


ELECTRICAL MANUFACTURING 
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1S1 
be cut to specified lengths or fabricated ing can be supplied. Where the ind- 
with holes grooves, or slots. cator is to show which of two inde- 


Laminated silicone glass cloth parts pendent circuits is operating, a double 


have been tested at 700 F for 300 coil 4lead winding can be ordered 


hours and even higher temperatures Specifications 


are: input voltage 
and found satisfactory for their appli 


ranges up to 48 volts de; operating 


cations. Silicone Insulation, Inc. 1383 time 0.1 sec; operating power 0.5 watt 

Seabury Ave. Bronx 61 N. Y. ivg: weight 21 grams. 
Circle No. 525, Reader Inquiry Service Cards These indicators meet the require- 
~* ments of MIL-E-5272A with regard to 





shock, vibration, altitude and high and 
MAGNETIC LATCHING low temperature operation. Althoug} 
meet the requirements of MIL-E INDICATOR 





no mechanical locking is used, Type 
N7B for electrical power equipment ee 102 will successfully withstand shocks 
ind MIL-E-16400A for elestroni [ype 102 indicators, when energized of over 100 & witheat {ales dedications 
> equipment. Class “B” tubes are of by continuous = eee? d-c, will The indicating drum is the only moving 
aminated polyester glass cloth or switch faces and remain in the last part and is inherently balanced. Leads 
iminated epoxy glass cloth. position until returned by continuou- ae Dilla veda wee alee: gate 
Semi-standard sizes comprise rectan- or pulsed d-e of reverse polarity. N. Special mountings can be supplied if 
, gular tubes with both internal dimen- mechanical latching or tripping is required. The case is cadmium plated 
sions between M4 in. and 2 in. and employed. ’ ; ia the frontal area around the in 
round tubes with internal diameters ype 102 is available for <-positiol dicating face is black. Allard Instru- 
between ‘4 In. and 2 in. The nominal operation only. For reversing by SPDI ment Corp.. 146 E. Second St.. Mineola 
wall thickness of these tubes is 0.030 -witehing, a 3-lead, center-tapped wind- i ¢ 
n. and the standard length 25 in. Nor Cincle 62526: Rader laauieg Series Candi 
standard sizes of tubes with heavier - 


2n page 17 
wv lighter walls and lengths up to 7 


n., as well as tubes with special con 


FLEXIBLE INSULATION FOR 
TEMPERATURES TO 2000 F 


New method of insulating pipes carry 


tours, can also be produced. Special 
ooling has turned out tubes ranging 
from a massive one with 20 in. ID x 
144 in. length x *x, in. wall to a tiny 
me with a wall of 0.004 in onsists of wrapping and bonding a 

lf desired, any of these tubes can wen ceramic fibre tape around pipes 


‘ ver a: a 2 ee ai ¥ ae : : 


SMALLEST... BY FAR 


Rugged Size 4 | 
Magnetic Starters , 


Compact, lightweight Arrow-Hart fully de- 
signed Size 4 Magnetic Starter (smallest size 4 
on the market) provides maximum performance 
in minimum space. This is made possible by TYPE 
A-H’s advanced “‘RA”’ (Right Angle) design. sea 
Other features add up to dependability . . . RA 
perfect guided alignment for positive, uniform 

contacting . . . a straight thru wiring that sim- Weight 
plifies circuit design, installation and servicing 
. . . sturdy contacts with silver alloy tips. Sizes 0 
through 5 Magnetic Starters offer comparable 
advantages. 


ng high temperature fluids or gases 





56% lbs. 


Write on company letterhead for 8-page folder on 
Size 4 Starter and other engineering data on Sizes 
0 through 5 to The Arrow-Hart & Hegeman Elec- 


tric Company, Dept. EM, 103 Hawthorn Street, 
Hartford 6, Connecticut 


ARROW —- HART OF HARTFORD 
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e ASHLAND is your one 
s source for precisior 
. ngineered and pre 

n-made custon 
® crafted Synchronous 
° Torque, Induction or 
® ar Motors; Centrifuga 
© 7 an Ax 
* Ashla ua 
° ting ele 
re ec pact 20 
am of 
> & fie Bott ndard a 

4 ¢ ¢ hle er f crit ame 
2 ; so 2 fe sa 
e One nf} ers of Synct Mot 
° re Re ¢ f + Inst statinn ctris 
® nd iS we tied and equippe tisfy y 
@® precise specifications and delivery requiremer 
e 
\ ¢ WRITE FOR ASHLAND’S NEW CATALOG EM 38-83 TODAY! 
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ELECTRIC PRODUCTS, INC. 
vee 10 oe 


Let Hevi Duty 
Help You Choose 


THE RIGHT 
SPECIALTY 
TRANSFORMER 





Type SICB, 150 VA, 230/ 
469-115 volts, enclosed 
style with a built-in ther- 
former is used for reduc mal circuit breaker for 
ed-voltage starting of syn overload protection This 
chronous and induction compact unit saves valu 
motors. 50, 65 and 80 per ible panel space 

cent taps are normally 
provided. Terminals may 
be mounted on the coil or 
leads 





This autotrans 


This is just a small 
sample of the broad 
line of specialty 
transformers built by 
Hevi Duty Electric 
Company. They are 
available in all sizes 
with any desired pri- 
mary or secondary 
voltages or frequen- 
cies. All are designed 
to meet or exceed 
NEMA standards 





Type SIO, 10 VA, 


primary 110/220 volts 


Low-voltage pilot fight CONTROL WINDING Secon 
transformers up to 600 V dary 230 volt 32 amp 7.4 
primary VA 
FILAMENT WINDING Secon 
dary ¢ volt ip 1.9 
VA 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEMIsBUTY ELECTRIC EXCLUSIVELY 


ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


Write for bulletins 
HD-499 and T-5111 
or send us your 
requirements 
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is small as 4% in. diam with a Zir- 
conium-base cement. This combination 
forms a _ positive shock-resistant in 





sulation that withstands temperatures 
to 2000 F. 

Because of the relative narrowness 
of the tape, insulation can be quickly 
and easily applied even in restricted 
areas. A second layer of ceramic tape 
can be applied to complete the wrap- 
iround insulation. To provide effective 
protection against liquid impregnation, 
the tape can be covered with spirally- 
wound glass tape and coated with a 
high temperature varnish. 

If desired, the tape can be supplied ¢ ° 
with 2. nickel-chrome wire strands 
When wrapped around pipe carrying 
metallic or radioactive fluids, this high 
temperature instrumentation tape both 
insulates and sounds an alarm in the 
event of a leak. The Russell Manufac 
turing Co.. 636 F Main St.. Middle 
town, Conn 
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AUTOMATIC VOLTAGE 
REGULATOR 


Features of the Stabiline automati 
voltage regulator type EM10018 in- 
clude the extension of life and _ reli- 
ability of complex vacuum tubes in 
sensitive electronic equipment. The de- 
sign is based on a combination of ad- 
justable voltage control and automati 
voltage regulation functions. Operation 





is tully automatic when used with ex 
ternal contactors and on-off controls. 

When the equipment is energized, 
the voltage to the tubes is run-up 
gradually to minimize the surge strain 
on the filaments that appreciably 
shortens tube life 4 control circuit 
utomatically actuates at the proper 
time to maintain a_ stabilized output 
voltage level pre-set to operate the 
equipment at its peak efhciency. As 
in additional precaution against stres 
sing the filaments, the unit is protected 


from being re-energized at other than 






zero voltage after a power failure o 


rh 
ie 


more than » seconds duratior 


DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md 
John H. Cole Company, Oklahoma City, Okla 
Electrical Insulation Suppliers, Inc., Atlanta, Ga 
Hanna & Ferguson, Rochester, N. Y 
Hippler Sales Company, Webster Groves, Mo 
Insulation Manufacturers Corp., 
Chicago, Ill Cleveland, O 
Dayton, O Milwaukee, Wis 
Detroit, Mich Pittsburgh, Pa 
J. F. Kerrigan & Company, Hamden, Conn 
C. D. LaMoree, Berkeley, Calif 
Los Angeles, Calif 
W.R. Punt Company, Floral Park, N. Y 
C. E. Riggs, Inc Portland, Ore 
Seattle, Wash 
White Supply Company, St. Louis, Mo 


Export Agent Lionel-Essex International Corp., New York, N.Y 


the quality name for 


resinous 
tapes 


V artex resinous tapes, having excep- 
tional elongation properties, are well 
suited for taping, harnessing irregular 
surfaces, bus bars and lead wires. These 
tapes have excellent physical properties, 
high dielectric strength, and are not af- 
fected by acids, oils or grease. They have 
unusual ability to heat seal upon them- 
selves and will not support combustion. 


CAN BE HEAT SEALED IN 4 MINUTES AT 400°F. 


Complete test data available on request 


Agents in all principal cities 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished ‘‘Fiberglas'’* Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished ‘Fiberglas''* 
Cloth and Tapes 


“VARSLOT" Combination Siot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and ‘‘Mylar'’* Polyester Film 
Asbestos Paper and ‘‘Mylar'’* Polyester Film 
Kroft Paper and “‘Mylar'’* Polyester Film 
Vartex Varnished ‘“Fiberglas'’? and 
“Mylar'’* Polyester Film 

Special combinations available upon request 


* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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FLUOROCARBON 
PLASTICS PARTS 

























*du Pont 


Trademark 


+{M.M.&M. 


Trademark 


United 


Gain greater design freedom without penalty in pro- 
duction costs. 


Send us your difficult TEFLON* and KEL-Ff part problems 
for quotations. Intricate shapes, inserts, thin sections, 
molding around metallic structures, threaded parts, pre- 
cision tolerances—all are routine to U.S.G. production. 


Unmatched experience and facilities for cold molding and 

sintering, injection molding and high speed machining— 

guarantee the best parts made by the right methods and 

at the right price, when you come to the pioneers and 

world leaders in fluorocarbon plastics fabrication. 

For prompt service, contact one of The Garlock Packing Company’s 

30 sales offices and warehouses throughout the U.S. and 

Canada, or write 

United States Gasket Company 
Camden 1, New Jersey 


S\itates 


Gasket Plastic: Duision of 


186 


GARLOC KK 
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voltage run-up takes 5 to 14 se 
pending upon output voltage 
whether the unit has been operating 
just prior to run-up 
Specifications are: input: 208) volt- 
10 per cent, single-phase, 57-63 eps 
output: 208 volts nominal, 0-163 volt- 


unregulated, 163-208 volts adjustable 






regulated, 45 amp at 40 C ambient 
accuracy 1.0 per cent for rated line 


and load changes 


Unit meets various MIL specifi 
tions for shock, vibration, corrosior 
moisture fungus resistance. Othe 


mode ls are available ior different ral 
ings and speeds. The Superior Electr 
Co.. 83 Laurel St.. Bristol, Con: 
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MOMENTARY 
CONTACT SWITCH 


Momentary contact switch know: 
series 1500 is designed to operate whe 
space is at a premium. A normally ope 
switch, it is only “42 in. thick and 
a plunger stroke of ¥ in. Electric 
rating is 1 amp, 120 volts a-c and 
amp. 240 volts a-c. The switch is 





pendable for actuating relays 
inoturs or similar applications. 

Series 1500 switch is standard-eq 
ped with spade terminals, althoug 
other terminal arrangements are 
ible. Bervlium copper contacts Insure 
long life: knobs are available 
wide variety of colors. Alcor Manuta 
turing Corp., 4444 W. Roosevelt Rd 
Chicago 24, Ill. 
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SILICONE FLUID USED AS 
DAMPING MEDIUM AND 


HYDRAULIC FLUID 


Low viscosity silicone fluid 81743. to: 
use as a damping medium and hy 
draulic fluid is available in 5, 10 and 
20 centistoke grades. Fluid 81743 has 
a lower viscosity-temperature coeflicient 
and lower pour point than most methy] 
silicone fluids 


Suggested uses are as a damping 
medium in vibration dampers, shock 


absorbers, dash pot relays and timing 
relays, and as a hydraulic fluid iy 
-ervomechanisms. accelerometers. 
-truments and other control devices 


In common with other silicone fluids 
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How [)YNANAT 


nil Drives Provide 


hatiaioaibe Adjustable Speed 
with AC Power 


Dynamatic Ajusto-Spede® and Dyna- 
spede® Drives operate from an alter- 
nating current power source and are 
infinitely adjustable from zero RPM 
to full output speed. Accurate contro! 
of output speed is obtained by varying 
the current in a single field coil. 


Each Dynamatic Drive consists of a 
constant speed AC motor and an eddy- 
current coupling. Torque developed 
in the motor is transmitted through 
the coupling by electromagnetic at- 
traction between its driving and driven 
members. 


The driving member, or drum (1), is 
mounted on the end of the motor 
shaft and surrounds the rotor, or 
driven member (3). The drum is free 
to rotate independently of the rotor 
until current is applied to the sta- 
tionary field coil (2). 


1. Input Drum 
Assembly 

2. Stationary 
Field Assembly 


3. Output Rotor 
Assembly 


As the field coil is excited, mag- 
netic lines of force emanate from 
the field coil and flow through the 
rotor and drum as indicated by 
arrows in cross-section illustration 
(A). Poles on the rotor adjacent to the 
smooth drum concentrate the lines of 
force into localized areas of “high flux” 
density in the drum’s inner surface, 
shown in illustration (B). As the drum 
rotates about the rotor, these high flux 
areas sweep the inner surface of the 
drum, causing a variation of flux den- 
sity that generates an eddy-current field 
in the drum’s inner surface. Magnetic 
attraction between this eddy-current 


field and the rotor poles causes the 
rotor to rotate with the drum. 


The torque transmitted from the drum 
to the rotor varies with the current 
applied to the field coil and with the 
“slip”, or difference in speeds between 
the drum and rotor. Speed control 
with eddy-current equipment is ob- 
tained with a control system that ad- 
justs field coil current to deliver the 
required torque at the desired slip. 


The control systems used with Dyna- 
matic Eddy-Current Equipment oper- 
ate on alternating current and require 
no special power source. Because of 
the low power required for field coil 
excitation, rectifying of field coil cur- 
rent is easily accomplished electroni- 
cally. Expensive motor-generator sets 
are not required. 


The control features available with 
Dynamatic Eddy-Current Equipment 
include constant speed regulation, ac- 
celeration control, torque regulation, 
cascading of multiple units, inching 
and threading, and numerous others 
as required by individual applications. 
Dynamatic Eddy-Current Equipment 
is ideally suited to automatic control. 


Send for your copy of Bulletin D-582 which gives detailed 
information on Dynamatic Eddy-Current Equipment. 


ATON 
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A 


Flow of magnetic lines of force through 
rotor, drum, and stationary field. 


B FIELD CON 


Concentration of magnetic lines of force 
by the rotor poles. 


TYPICAL TORQUE CURVES 
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kar —O MOTOR TORQUE 


200 800i 100012001400 1600 | 800 


uw fem 
Typical torque curves show torque at 
various values of excitation. The hori- 
zontal line is rated motor torque. 


The electronic control systems used with 
Dynamatic Eddy-Current Equipment do 
not require a special power source or 
motor-generator sets. 


DYNAMATIC DIVISION 


MANUFACTURING 
CLEVELAND, 


COMPANY 
OHIO 













INSTRUMENT AMPLIFIERS 


designed for amplification of 
low-level signals have 
exceptional sensitivity. Input 

of .0025 microwatts produces 
full output of 4 DC volts 

into 5000 ohms. 


Low-Level Preac 
Magnetic Amplifiers 


For sensitive thermocouples, strain gauges, and 
similar data sensing applications, Preac amplifiers 
provide low null drift. Power gain is so high 
(up to 60 db) that inverse feedback can readily 
be used to achieve special desired characteristics. 





Teversip), 
'OWatts 4 
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$1743 is highly resistant to shear break 


down and possesses unusual chemical 
resistance. Because of its low viscosity 
it offers somewhat more rapid response 
than the standard silicone fluids 
higher viscosities Silicone Product- 
Dept... General Electric Co.. Waterfore 
N. ¥ 
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BRUSHES FOR TOTALLY 
ENCLOSED SILICONE 
INSULATED MOTORS AND 
GENERATORS 


Impregnated brush material has bees 
developed for use on silicone insulated 
motors and generators. even of the 
totally-enclosed type. In the past, there 
has been difhculty with brush wear o1 
silicone insulated d-« ind a-c commu 
tator machines, parts ilarly of the 
totally enclosed type 


Phe manutacturer onstructed 
spe ial test stand where silicone 
sulated windings were used and sill 
cone vapors were created which ex 
retly dupli ated the operating condi 
tions on various motors and generators 
now being manufactured with silicone 
insulated windings. Experimentatior 


resulted ir 1 brush that built a satis 


factory commutator fil after 150 t 
200 hours which became completel 
stable Test work was carried out fo 
thousands of hours show the 


bility of the film and the fact 





age condition was establi 
The Carbone Corp., Route 22. Boont 
N. J 
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SPRING PINS FROM 
BERYLLIUM COPPER 


Self-locking Sel-Lok 

teners made oft berviliun copper 

vide a vibration-proot method ot tas 

tening with the 1dded on-sparking 

non-magneth ind = = higt onductivit 

features of bervilium-copper alloy 
The Sel-Lok is an axially slotted 








How Anaconda can help you get the exact Rod to fit the job 


Drill size .184° 
Hold concentricity to .010" 


Pane broad line of Anaconda free cutting copper ind 
l copper-alloy rods gives you widest latitude in 
precise rod for 
once Ih a while 


selecting from warehouse stock the 
most screw machine jobs. But every 
there are special requirements 

One company’s problem: The \I. |. Grass Screw 


Mac hine Produc ts Co Buff ilo NX \ Trhcit hine Sa part 


for a gas-burner base trom li, round 


tree-cutting 
brass rod Spr cifications call for a hole 1 
184” in diameter—with concentricitv held to .010 


With standard free-cutting brass rod the drill had 


cle ( Pp by 


a tendency to wander, running the concentricity off as 
much as .024”. To correct this, The American Brass 
Company provided rod stock with a minor variation 
in fabrication for deep drilling. This free-cutting brass 
rod has a slightly harder core, which minimizes the 
tendency of the drill to run off center at the high 
drilling speeds used. Now M. J. Grass holds the con 
centricity to .00S” or under. With regular free-cutting 
brass rejects ran as high as 15‘;. With the dec p drill- 


ing rod there are no rejects. 


Your requirements: \: 


consistently 
uniform in composition, temper and free-cutting char 


«ic teristics Consequently they make possible easy 


duplic ition of cutting speeds and feeds known to be 


satistactory trom previous iob records 
When vou need special yh 


1 . 7 
physical characteristics, such 


is a harder core for deep dr ling or additional ductility 


to permit spinning or cold forming after machining 
either the te mpel the alloy, or both can be adjusted 
to meet vour re quirements 
Free technical service: It is the function of the Techni 
cal Department of The American Brass ¢ ompany to 
issist metal users 1n the soh tion oft special problems 
This service is at your disposal without charge 

( OMpre he TiSl Ve da i on composition and machir 
bility of standard iconda Allovs. standard specifi 
st indard rods is 


available in Publication B-3. For this booklet — for 
special technical assistance write The Ameri 


i<i 


cations, weights. and dimensions of 


an 


Brass Company, Waterbury 20, Conn. In (¢ | 


anada; 


Anaconda Ame rican Br iSs | td Ne W Toronto Ont 


ANACONDA RODS jor screw macuine PRODUCTS 


MADE BY THE AMERICAN BRASS COMPANY 
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Liquid Heating 
Problems? 


Your Chromalox Man 
has the ANSWERS 


Backed by the industry’s most 
complete line of electric heat- 
ers, he has heaters specifically 
designed for oils, water, 
asphalt, paraffin, salt baths, 
corrosive solutions and _ heat 
transfer media. Standard heat- 
ers are ready for immediate 
shipment from the world’s 
largest stock. 

Call your Chromalox Sales- 
Engineering Representative 
for clean, safe, economical! 
Electrical answers to all your 
heating problems. Or, write to: 


& 


Chromalox Electric Heat 
Ww Edwin L. Wiegand Company 
" 30 Thomas Blvd. © Pittsburgh 8, Pa 


gOM Ay 
% 
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tubular pin that locks by spring ac- 
tion when driven into an ordinary hole. 
Only assembly operations are the drill- 
ing of the hole and the driving of the 
pin with hammer or press. Chamfered 
ends simplify starting; rounded edges 
along the slot prevent scored holes. 

Beryvllium-copper spring pins are 
made in nominal diameter sizes rang- 
ing from 0.062 to 0.250 in. Lengths 
range from 3/16 in. to 4 in. Length 
tolerances range from =+:0.015 in. in 
smallest sizes to 0.030 in. in largest 
sizes. 

Hardness of beryllium-copper spring 
pins is Rockwell “C” 36-42. Minimum 
shear strengths are approximately 60 
per cent those of standard carbon steel 
spring pins. Standard Pressed Steel 
Co., Jenkintown 9, Pa. 
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COPPER CLAD LAMINATE 


Copper clad glass epoxy laminate de- 
signated as Textolite 11558 material is 
characterized by a copper to laminate 
bond which is as resistant to cyanide 
plating solutions, solvents and thermal 


aging as the base laminate itself. It 


will easily pass any dip solder specifi 
cation in the industry. This resistance 
to abuse is achieved by a new concept 
in the method of bonding the copper 
to the base laminate 

The picture shows a laboratory tech 
nician testing 11558 Textolite in a 
solder pot at 500 F. Laminated Prod. 
ucts Dept.. General Electric Co 
Coshocton. Ohio 
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GLASS-SUPPORTED TEFLON 
TAPE FOR ETCHED CABLE 
HARNESSES 


Glass-supported Teflon tape with cop 
per foil bonded to one or both sides 
has been developed for us¢ as etched 
fiexible cable harnesses for missiles 
and aircraft. or as flexible connectors 
in multiple-array printed-circuit stacks 
for computers and control devices 

In this printed-cirevit material, ele 
trolytic copper foil in’ weights of 
either | or 2 oz per sq ft is applied 
to one or both sides ot cementable 


SOLDERING LUGS 
° TERMINALS e 
PRINTED CIRCUIT 
HARDWARE 


Tell us about your application and 
production requirements. We'll 
supply your needs from our com 
plete line—or adapt to your speci 
fications—and show you how to cut 


costs and speed up production! 


@ Miniature Tubular Terminals, 
Wire Wrap Terminals and 
Contacts for Automated Printed 
Circuit Applications 


@ Solderless Crimp-on Terminals 
@ Line Cord Interlock Terminals 


@ Automatic terminal inserting, 
crimping and staking machines 


Contact us today. Send blue print 
or specifications for specific infor 
mation. Request bulletins for gen 
eral information 


Pee TOOL and MANUFACTURING CO 


4021 W. LAKE ST. + CHICAGO 24, ILL 
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PUSHBACK 


WITHOUT 
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BH VINYL-SI 


lows t tran _ ] } — 
nent nexipility O ansformer ie€ads was 


1 by Bentley, Harris in 1949 with 


BENTLEY, HARRIS MANUFACTURING Co. 
) Bar | vy Str + 


CONSHOHOCKEN 2. PA | PHONE: TAYLOR 8 


BENTLEY, HARRIS 


evings are made by exclusive Bentley 
>A 264729 and 26472 


cS Pes ee 
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This New YO Glfurmer 


CLASS 9007, TYPE AW 


ACTUAL SIZE ~~ Oil-tight construction 
| Switch plugs in—in seconds 
Mounts without disassembly 


Wired without removing 
from box 


Reversible plug-in unit 
—can be plugged-in 
with roller arm at either end 


Switch action can be reversed 
by simple 
screwdriver adjustment 


Present installations 
easily converted to plug-in 


Precision switch mechanism 
—only 5° to operate — 
25 overtravelin eitherdirection 


Graduated markings 
around hub of roller arm 
simplify accurate settings 


. —— Same price as standard 
Dcnsitielitnes. Square D oil-tight limit switch 
Easily Wired 
Without Removing from Box ‘ex 


= 


6 MOUNTING ARRANGEMENTS...WITH I DEVICE! 


Switch Switch 
Mounted Mounted 
Switch : on its Base on its Base 
Mounted with , with 
on Conduit Conduit 
its Left Side at Bottom at Top 


Switch 
Mounted 
on its 
Right Side 





In any of the above arrangements, conduit can enter at either top or bottom by reversing box position © 
AL Se a tect eras aes 


ECaM HEAVY INDUSTRY ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 


ELECTRICAL MANUFACTURING 
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SQUARE D LIMIT SWITCHES ARE Destgned 
TO DO HUNDREDS OF JOBS — BETTER! 


SMALL O/L-TIGHT LIMIT SWITCH -- CLASS 9007, TYPE AW 


Flush mounting, Surface mounting, Duplex switch, Flush mounting, 


push rod operated push rod operated Duplex switch, flush mounting, lever operated 
Surface mounting, surface mounting, 


roller arm operated push rod operated 


A: 


ROLLER ARMS AVAILABLE 
IN WIDE RANGE OF 
DESIGNS AND LENGTHS... 


1 
. aa 


ee 


44 


ze  * ~——— a 
Transparent plastic " : . Se @ 
cover available ~~? 
Eleven contact arrangements 


for instant inspection , B 
in one switch Rear shaft design Many sizes and types 


adjustable lever arms, 


only a screwdriver for inaccessible of operating arms 
up to 80° overtravel 


WIDE VARIETY OF BASE PLATES 
AND 
MOUNTING HOLES... 


Write for BULLETIN 9007 AW to Square D Company, 4041] North Richards Street, Milwaukee 12, Wisconsin 
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TUBULAR 
_ Rivet 


TIME 
TO LOOK 
AT COSTS 


You need the answers to such questions as 
Can a TUBULAR RIVET replace a solid rivet 


or bolt and thereby accelerate produc 


Would ao SPLIT RIVET with a decorative head 
SELF-PIERCING product c 
River Should a SELF-PIERCING RIVET be 


eliminate a drilling operatio 

Can a cold headed part such as a SHOULDER RIVET 
serve as o fastener and also provide a bearing s 

Would o TAPPED RIVET, made to rec 

screwed-on assembly, simpl:fy field service? 

These are typical questions asked of 

Chicago Rivet engineers because keen 

competition today makes necessary 


re-examination of production methods 
SHOULDER 


No matter how complex or how simple your 
RIVET 


fastening problem may seem to be, get the 
cost saving advice that Chicago Rivet 
engineers can give. Send blueprint or 


sample assembly—no obligation 


There are Gucago Kiwet Machines thot will set 


17 adgq] 
230 SIrrre 
TAPPED 370? ervagzur 


RIVET 


Tubular or Split Rivets At a Time 


Gucago Kwer : MACHINE CO. 


948 S. 25th Ave. - Bellwood, Ill. (Chicago Suburb) - Branch Factory: Tyrone, Pa. 


FOR YOUR FILES—Rivet catalog describing 1388 stand 
ard tubular and split rivets and 26 single and multiple 


automatic rivet setters 
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slass-supported Teflon tape grades GB 
108T. GB-116T. or GB-128T. Depend 
ing on the weight of copper foil and 
the Teflon tape grade, the over all 
thicknesses run from 0.006 to 0.016 1 

At the present time, the manufacture! 
can furnish this material on a develop 
mental basis in lengths up to 30 ft and 
widths up to 6 in. These flexible ma 
terials have good shock and vibration 
resistance, high mechanical strength 
and dimensional stability, plus good 
electrical properties. It can be bent to 
a radius of 1% in. If supplied wit 
copper foil on one side only, the othe 
side can be furnished “cementable” o1 
“non-cementable,” as desired. Conti 
nental-Diamond Fibre Corp., Newarh 
13. Del. 
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35 AMP MINIATURE 
POWER RELAY 


Power relay Series 26 is designed fo 
use up to 35 amp, 115 volts a-c or 
volts d-c contact load—5 million oper: 
tions at 10 amp. Contact arrangements 
ire available up to 5PDT. The 
operates as low as 500 mw and is fast 


iting 5 millisee at 3 w 


Special features include ivallabilit 
for 400 cycle operation, temperature 1 
125 C, and high voltage breakdowy 

The relay is available in both Ope 
ind hermetically-sealed versions 
meets Mil Spec MIL-R-5757C. Sp. 
screw terminals and mountit g bases 
ivailable. Kurman Electric Co 
oe 


Newe! st Brooklyn 
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SUBMINIATURE 
POTENTIOMETER 


Line of lead-screw actuated balanc 
potentiometers called Trimit features 
subminiature size, 25-turn self-locking 
screwdriver adjustment, and space-s 
ing rectangular shape. The units have 
power rating of 0.2 watts and an operat 
ing temperature range of —55 to 85 ( 
Adaptable to any commercial app! 
cation requiring precision potentiome- 
ters, the Trimit can be obtained with 
Hexible leads, solder lugs or printed 





Waldes Truarc GRIP RINGS Replace Expensive Parts... 
Reduce Manufacturing Costs...Eliminate Rejects 


WALDES TRUARC Rings cut costs 33%, 
SERIES 5555 GRIP RING’ eliminate rejects 


i B & J Tool uses series 5555 grip 

a f / ring to secure parts of damper 
application: external for shafts i control made for Vulcan Radiator. 
f Shaft formerly was machined 

range: 1677 in. a 755 NG down to provide coil spring shoul- 

der, often broke during bending 
operation. (Rejects ran as high as 
80%!) New design eliminated re- 


jects and field failures, cut pro- 
duction costs 33%. 


The Waldes Truarc Grip Ring requires no groove, holds fast 
by friction forces, can be used again and again. It provides 
a positioning shoulder secure against moderate thrusts or 
vibration. The ring’s unusually large radial width exerts con- 
siderable frictional hold against axial displacement. 


*U.S. Pat. No. 2,574,034 


Rings save $32.42/M: 


Swift Business Machine Co. re- 
placed collars and set screws in 
hollow shaft assembly of its add- 
ing machine with series 5555 grip 
rings, saving $32.42 per 1000 

« in + i units. Rings require no groove 
Rings save $300 per die, $.03 unit make possible positioning adjust: 
ments without slippage encount 


Ray Oil Burner Co. uses a Truarc series 5555 grip ring in fuel pump ered when set screws were used 


drive shaft to position seal and drive it to assure continuous rota- 
tion with shaft. Original design used complicated die-cast collar 
and driver which required special groove and shoulder. Savings: 
$300 ver die for each size manufactured, $.03 per part. 


Whatever you make, there’s a Waldes Truarc Ring designed quickly from leading OEM distributors in 90 stocking points 
to save you material, machining and labor costs, and to throughout the U. S. and Canada. 

improve the functioning of your product. : ? . : 

Field Engineering Service: More than 30 engineering: 
minded factory representatives and 700 field men are at 
Statistically Controlled Quality from engineering and raw your call. 

materials to the finished product. Every step in manu- Design and Engineering Service not only helps you select 
facture watched and checked in Waldes’ own modern plant. the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today... 
let our Truarc engineers help you solve design, assembly 
and production problems. . . without obligation. 


In Truarc, you get 


Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types available 


WALDES 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1, N.Y. 


Please send new, descriptive catalog showing al! 
types of Truarc rings and representative case history 
applications 

Please print) 


Name 





Title 


a 


Business Address___ 


RETAINING RINGS 


2 oN sce cat isn 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1,N. Y. 


— ee ee ee ee ee ee ee ee ee ee oy 


Consult the Yellow Pages of Your Telephone Directory for Name 
of Local Truarc Factory Representative and Authorized Distributor. 
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123 WEBSTER STREET, DAYTON, OHIO 
IN CANADA: Marsland Engineering Ltd., Kitchener, Ontario 
IN EUROPE: NSF Ltd., 31-32 Alfred Place, London, England 
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Models with printed circuit pins may 
| | 


be mounted by the pins alone. Trimit 
is available with wire-wound resistance 
elements from 100 ohms to 10. k. or 
with carbon elements from 20 k 1 
me gohm 

(pple itions nelude I inica 
tions equipment, measur ind testing 
equipment, industrial co equiy 
ment, Computers and breadboard mock 
ips. Bourns Laboratories. bl 6135 
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INickel—plated 
Copper... 


for high conductivity at 


elevated temperatures 


Sy: VANIA'S Nickel-plated copper wire Nickel-plated copper, more thar 


combines the co cl ol coppel of the other wires except for pure 
with the corrosion-resistant properties nickel, holds its original low resistance 
of nickel for applications involving It's this feature which, in many cases 
temperatures ranging from 350° Fal has made Nickel-plated copper more 
renheit to 700° Fahrenheit — than costlier wires used where 
con ctivity must remain constant 


Equal lengths of Nickel-plated copper 


i 
ler 1 
and three other wires were heated in alr i 


ia temperature environment 


at 800° Fahrenheit for an extended Nickel-plated copper wire can be 
period to determine the effect of heat supplied in a full range of diameters 
on conductivity from .250” to .005” 


Sylvania I tric Products Inc., Parts Divis 


¥ SYLVANIA 


LIGHTING + TELEVISION - RADIO + ELECTRONICS 
PHOTOGRAPHY + ATOMIC ENERGY - CHEMISTRY-METALLURGY 





Warren, 


)MARCH 19 Circle 192 on page 17 
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Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Custom Ceramic Composites 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 


Fluorescent Components 
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0.050. The 8-32 is also designed with 
shank of 0.06C for use in material 0.050 

| and greater. Elastic Stop Nut Corp. «ot 
America, 2330 Vauxhall Rd.. Uni 
mM. J. 
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ACID GOLD PLATING PROCESS 
FOR PRINTED CIRCUITS 


In this ae id-ty pe (pH ,5 to 4.5) gold 
plating process, developed specificalls 
for plating printed circuits, the el: 


trolyte is mildly acid so that neithe 





, 
the laminate nor the adhesive at 
inter-face of printed circuit boards 
affected during the plating process 

Other advantages are: operates , . 
room temperature—no hot solution | 
eS : . : damage even the less expensive pay 
‘ : : or micarta printed circuit baseboard- 
G-V approximately 75 per cent greater 
THERMAL | _ sistance to abrasive wear than 
aly «# as : ventional gold plate; smooth unifort 
Yee = J —~ distributed, bright gold plate regardle-- 
of thickness requirements; easy to pre 
pare. simple to maintain and contr 
solution 
The process is said to eliminate 
need for a conventional “gold strike 
avoiding damage to. printed ciré 
board photo resist by exposure 
warm cyanide solutions. The proces- 
forms a firmly-bonded gold plate. pri 
- viding the copper base is prope: 
used in Hughes cleaned Sel-Rex Corp., 75 River Ri 
Airborne Armament Control System poorePog ind 
Circle No. 538, Reader Inquiry Service Cards 
on page 17 
The F-102A all weather interceptor and many other planes in the W. S. 
and Canadian Air Defense Commands are fully equipped with this|system See ACTION SIZE 5 
developed and manufactured by the Hughes Aircraft Company. MAGNETIC STARTER 
G-V thermal time delay relays are relied upon in all of these systems. Vertical action Size 5 magnetic starts 
is the latest addition to a_ line 
In both military and industrial equipment, G-V thermal! relays are providing vertical action starters. Sizes 0 throug 
long, dependable, proven service in time delay applications, voltage and 5. Available in 2, 3. or 4-pole versi 
current sensing functions and circuit protection. the Size 5 may be used for starting 
}-phase motors rated up to 200 hp « 
Write for extensive application data and catalog material. = Se ov 000: tes ae 296 welt 
This starter feature simple rugve * 





G-V CONTROLS INC. 


8 Hollywood Piaza, East Orange, New Jersey 
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How CDF Di-Clad 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production 
and operation of electronic equipment. Grades other 
than those described are also available. 


Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
combination. 


Di-Clad 112T. A Teflon* glass-fabric laminate offer 
ing the best dielectric properties over a wide tem 
perature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your application 





#Trademark “ad Hibow Coceeentia 


DuP 3 te 7 viene resin 


Di-Clad 2350. An economy paper-base phe grade having good tensile CONTINENTAL-DIAMOND FIBRE 
fiexura pressive, and pact strength. Adequate for n t ne ritica y 


t 
rinted r ¢ nr + ' ( -~ & ir ' 4 nd b r t 5/6 
t j J apr at a be 1 pu edand eared uf 9/6 


kne A SUBSIDIARY OF THE Buhl COMPANY + NEWARK 13, DEL 


ofa ner tt 










TYPICAL Di-Clad PROPERTY VALUES 


Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 112T 
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP (NEMA G-10) Tefion* 








BOND STRENGTH—0.0014" foil (Ibs. reqd 6 to 10 6 to 10 6 


0 10 8 to 12 4to8 
to separate 1”’ width of foil fro laminate 





MAXIMUM CONTINUOUS OPERATING 120 120 20 1 200 
FEMPERATURE (Deg. C.) 








DIELECTRIC STRENGTH (Maximum voltage 800 900 850 


650 700 
per mil for 1/16” thickness) 










INSULATION RESISTANCE (Megohms) 96 500 150,000 600.000 


100.000 73.000 
hrs. at 35°C. & 90% RH (ASTM D257, Fig. 3) 





DIELECTRIC CONSTANT 10° Cycles 4.5 4.0 3.6 4.9 2.6 










DISSIPATION FACTOR 10° Cycles 0.040 0.026 0.027 0.019 0.0015 


ARC-RESISTANCE (Seconds) 5 10 10 130 180 





rENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 








23,000 
FLEXURAL STRENGTH (psi.) 27,000 21,000 18,000 70,000 13,000 : 
IZOD IMPACT STRENGTH edgewise 0.80 0.45 0.42 12.0 6.0 


(ft. Ibs. per inch of notch) 


COMPRESSIVE STRENGTH flatwise (psi.) 32,000 28,000 25.000 







62,000 20,000 
BASE MATERIAL OF LAMINATE Paper Paper Paper Medium-weave Fine-weave, 
medium-weigh medium-weight 


glass cloth glass cloth 









COLOR OF UNCLAD LAMINATI Natural Natural Natural Nz 


greenish 





atural Natural 











All these standard grades are available with 0.0014” and 6.0028” or thicker electrolytic or rolled copper foil on one or both 








surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order 


I 
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Fan with Airfilter 
1 to 3 KW Rejected 
with 
ROTRON Model RF 
Cooling Panel 


TEMPERATURE RISE—°F 


ame e iis 
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armature assembly which ts guided in 
straight line motion to provide mini 
mum wear and proper contact align 
ment. Individual. enclosed are chambers 
confine ionized gases to prevent arcing 
between phases. Contact block mate 
rial is an inorganic compound which 
is non-carbon tracking, is not damaged 
by arcing, and gives high breakag. 
resistance. Heavy, silver-alloy contact 
tips are used to provide ample current 
carrying capacity 

Overload relays are of the melting 
alloy type. Heater coil and solder pot 
are combined in a single, tamper-proof 
unit to eliminate variations in aligr 
ment of the two and thus give more 
accurate overload tripping character 
istics, 

All parts, including the magnet coil 
are front-mounted and can be replaced 
without removing the starter from its 
enclosure. Contact replacement can be 
accomplished without disturbing wit 
ing 

a 


270 sq. in. of 


The starter occuples I 
panel space. Dimensions are: height 
2015 in. over lugs, 23'5 in. overall 
(including mounting feet): width 11). 
in.; depth 914 in. The NEMA 1 gen 
eral-purpose enclosure measures 39 i 

high, 17% in wide, and 14 in. deep 
overall. Square D Co. 4041 N 
Richards St., Milwaukee 12. Wis 
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REDUCED LENGTH 
PANCAKE MOTOR 


Pancake motor that 
length up to 60 per cent ove 
motors of the same rating 
for use on machine tools 
many other space-crampec 
tions. 
The motor is a flange-type of 
tional radial air-gap design 
its short length without ar 
in motor performance, throu 
end coils and a. one-piece housing 
bearing bracket. For normal operating 
conditions, it is built in an open drip 


ELECTRICAL MANUFACTURING 





EPON RESIN does it 





Improved GOOD-ALL capacitors have low leakage, 
hign stability—even in extremely humid climates 





Fiere’s how: 


Epon rEsIn is helping to 
set new standards of excellence 
in a line of 600 UE capacitors 
made by Good-All Electric Manu- 
facturing Company, Ogallala, 
Nebraska. 

Good-All reports that Epon 
resin offers superior moisture re- 
sistance .. . far better humidity 
protection than obtained with 


CHEMICAL SALES DIVISION, 380 Madison Avenue, New York I7, New York 


Atlenta + Boston - Chicago + Cleveland + Detroit « Houston + Los Angeles 
IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited - Montreal 


MARCH 1958 


conventional molding materials. 
These capacitors offer rugged, 
trouble-free performance because 
Epon resin assures high dielectric 
strength, low leakage, great re- 
sistance to chemical and corrosive 
attack, and handsome appearance. 

For molding . . . for potting... 
for laminating, sealing and encap- 


sulating . . . Epon resins are pre- 
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* Newark » New York + San Francisco + St. Louis 


+ Toronto + Vancouver 


ferred because they offer an almost 
ideal combination of electrical and 
physical properties. 
: mm * 

Write for complete information 
on the use of Epon resins in pro- 
tective enamels, tool and die ma- 
terials, etched circuit laminates, 
transformer and 
compounds. 


motor sealing 
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JOB 
FOR 


MailMaster 


with the flexible 


wire fastener. 


The extra strength 
and light weight of 
Mason’s famous 
shipping box makes 
it the ideal package 
for in-plant storage 
and assembly. 


Afason 
'FUBOX COMPANY 


ATTLEBORO FALLS, MASSACHUSETTS 
NEW YORK —175 FIFTH AVENUE 


| Write Today for Colorful Catalog: Dept. BI 
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WORK! 


vices 


7 
ev VU 
P-506-CE—Plug with Cap 


PLUGS « SOCKETS 


500 SERIES 
ea Ml 1b ad 


For 5,000 Volts, 25 Amperes per Contact Alterable by 
Circuit Characteristics 





$-506-DB 
Secket with deep Bracket 


Socket contacts of phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass 
cadmium plated. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage 
path from terminal, and terminal to ground. Caps and brackets, steel parkerized (rust-proofed 

Plug and socket blocks interchangeable in caps and brackets. Terminal connections most accessible 
Cap insulated with canvas bakelite 


Write for Jones BULLETIN 21 for full details on ling 


Visit Booth 2535 at the I. R. E. Show 


HOWARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 


CHICAGO 24, ILLINOIS 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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proof enclosure. Where dirt, filings 
corrosive chemic als, coolants o1 othe: 
contaminants are present, it is turns! 
ed in an enclosed construction 

The motor is available in rating 
from 1 to 15 hp at 1800, 1200 and 904 
rpm Additional features include vel 
tical or horizontal mounting, cast-iror 
bracket, lubricated 
bearings, and quiet operation. Louis 
Allis Co., 427 E. Stewart St.. Milwaukee 
1. Wise 
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housing-bearing 


EXPLOSION-PROOF 
DIFFERENTIAL TRANSDUCER 


Differential transtormer enclosed 


heliare welded stainless steel shell 

explosion-proof and permits operatior 

in temperatures up to 500 | The 

wound with glass insulated wire 
uum impregnated with i 





varnish. The stainless steel stufling b 
1s welded to the housing 

The unit is 2), in. long x 1-14 in. OD 
armature dimensions are 1-9 in. long 
x 0.250 in. OD x 0.127 in. 1D. The 
range is +0.150 in. with a sensitivit 
of 0.5 my output per 0.001 in. displace 
ment per volt input at 400 eps. For 
20 volt. 400 cycle input, the output 
0.001 amp to 500 ohm load for 0.05t 
in. armature motion. Automatic Timi 
& Controls. Inc., King of Prussia. P 
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MINIATURE STRAIN GAGE 
PLUG-IN MODULE 


{ miniature plug-in module contains 
complete circuitry for strain gage bal 
ance. The module achieves precise 
calibration and adjustment through use 
of micro-miniature resistors and 

miniature “pot.” The circuit packaging 
concept 


permits “shrinking” bot} 


standard and special circuitry for other 











Leh aes 

with 
RUT 
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Hughes, many years a leader in the semiconductor industry, has ; ~ 








added another series to its expanding line. These new units can Max Max. Rated 
' : sk Forward Max. Rated Average Max. inverse Current inverse 

withstand temperatures as high as 200°C while sustaining all the fick. Gaseee  Facuant Gena Test Operating 
important features your circuits demand Number* @ +1 Volt @ 25°C @150°C @ 25°C @ 150°C Voltage Voltage 

¢ high forward conductance 1N482B 100mA 200mA 50mA SuA 5uA 30V 36V 

e high reverse voltage 1N483B 100mA 200mA 50mA SuA SuA 60V 70V 

* low dynamic forward resistance 1N484B 100mA 200mA = 50mA 25uA SuA =: 125V 130V 

e high back resistance at high temperatures and /or high voltages IN485B 100mA 200mA 50mA wA SuA 175 180V 
They are quality diodes, rugged and reliable like all Hughes diodes IN486A = :100mA = 200mA = SOmA S0uA  25uA225V 225\ 
And each is packaged in Hughes’ famous glass envelope, designed IN487A = 100mA = 200mA = SOmA L00uA = 254A 300 300 
for complete protection from contamination and moisture penetra *Lettered and unlettered ve not listed are available 


tion. Maximum body dimensions: .107” x .265”. 
Hughes has related types with higher f 


g ward currents. Here are three of the n 
which could be listed: 


Special types are available, too. Perhaps you have a design with 


inique requirements and can’t find the right diode for the job. If HD6764 200mA = 200mA 50mA 25uA 5uA 60V V 
so, ask for a call from one of our sales engineers or visit our booth HD6768 200mA 200mA 50mA 5uA 5uA  -175V 180V 
at the IRE show this month. Either way, we would be pleased to HD6773 200mA =. 200mA SOmA SuA SuA  300V V 
discuss your requirements 

For printed literature, please write: Semiconductor Division, HUGHES PRODUCTS, International Airport Stat L Ang 4 a a 


Creating a new world with ELECTRONICS | 
HUGHES ri 


SEMICONDUCTORS er 


G) 
m 
O 
G 
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M 
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4 Precise high-frequency drives for 
generators or converters te 





Because of its exact speed RPI Cie 
istic, the Syncro-Spede is an ideal driver 
for high-frequency generator sets where 
ego Mm cette) eM LT h ST 8 
elimination of slip provides exact fre- 
TU Tes Mm CLUE) t hae MULL ey Le 
of the motor. 





os - ” sa Pes oo Rae 


fF Precise timing, metering, and recording devices 


Syncro-Spede delivers and main- 
tains exact synchronous speed 
within rated capacity regardless 
OMe Mm Mm eh). ODS 
OLAS eM ELMO 
fications to meet special needs. 
Since it eliminates error caused 
by .speed fluctuations, this new 
Louis Allis motor is also ideal 
MUS mC NEL easel 
Ty ame Ae 





a I a ee eee aa Ce a 
a | Bp: ic Constant single- or multi- 
j 4 speed conveyor drives 


Syncro-Spede gearmotors can 
provide exact constant con- 
veyor speed —or maintain 
Mil ee ame hee hehe 
conveyors operating at differ- 

~ ent speeds. Used with Louis 
Allis gear drives, the Syncro- 
Spede offers a practical, low- 
cost solution to. low-speed 
conveyor drive requirements 
—down to 7.5 rpm. 


ya Adjustable frequency 
Cele eat) 


eS da 3 


4 ae a cS oo oo 
—_— aa _ i ' -* 
oo eo ie a = os oe ao 2 
4 ‘6 
Sicicicmes: 
““SYNCRO-SPEDE’’ MOTORS 


eo} Any constant speed requirement 
ha 
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OVER-VOLTAGE 


STANDARD 


SQUIRREL CAGE 
iene 


TORQUE 


1750 


6 High speed — high 
frequency operation 


wd 










10,000RPM ——t—— HIGH 
TO : FREQUENCY 
ana PY: 





Ue ad STANDARD 60 CYCLE 4 POLES 


YAU td STANDARD 60 CYCLE 6 POLES 


STANDARD 60 CYCLE 8 POLES 


INTEGRAL GEARMOTOR 
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: e 
Mila soa ae 93 os 
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Syncro-Spede motors of differ- 
Meee mee aeyel t-te 
can be synchronized from a 
U4 CM Se) Mae lil) 
source — motors of various 
speeds will hold their exact 
relationship within an oper- 
LAUT Mm e001 Me) 4 RO) 
to 1,000 cycles. This com- 
FMC) T(t eat melee 
UE CMC us manele 
many applications in the print- 
ing, paper, plastic, and tex- 
CMTS Cele 
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The Syncro-Spede offers vir- 
LON Mum hs). a 
parses 02> ee New-product news from Louis Allis 
reluctance and DC excited 
PU MU Cement 
forms both and costs less. 
Under full load conditions, a 


ae ee 13) 


ry 
=) 





D HORSEPOWER 


SE LTr Ce mesel ge Meor-)d a le (TT ee eet 
tion motor may vary between 

OLR mete me Um) = . 

Tih POET variation — the The Louis Allis Syncro-Spede 
Syncro-Spede maintains exact 

Sy UC eS 10 


«-.a synchronous motor built in the same NEMA frames 
as standard motors of equal horsepower! 


it’s compact, simple, versatile ...and trouble-free! 


Syncro-Spede’s indestructible , . : 
en ere erE The remarkable Louis Allis Syncro-Spede® Motor enables you to provide 
RM uns een exact synchronous speed for any application for less cost — with fewer 
frequency operation. The controls — and in less space than previously possible. 


ideatiaiaiincna li behieddliaite If your equipment or operation calls for precise constant speed, check the 


aint iadredthedirenees eager advantages this new motor offers you: 
previously impossible with 


SCAT tts Space-saving design — The revolutionary Syncro-Spede needs no external 
motors. With. special rotor excitation, wound rotating fields, collector rings or brushes. It’s built in the 
designs, the Syncro-Spede same standard NEMA frames as ordinary induction motors of equal horse- 
UC ALY power. It requires less space — is virtually maintenance-free. 


alain atta Wide range of enclosures — The Syncro-Spede can be provided in a wide 
variety of enclosures to meet special operating requirements. For example, 
Syncro-Spede is readily available in totally-enclosed fan-cooled and explosion 
proof enclosures — thus permitting installations which were difficult to make 
with D.C. excited synchronous motors. 


Unmatched versatility — Syncro-Spede is available in standard sizes up to 
100 hp, and even larger ratings for special applications. It can also be furnished 
in a wide range of mechanical modifications . . . base- or flange-mounted —as a 


gearmotor or brakemotor — even as a rolled-shell shaftless motor for “‘built-in” 
applications. 


For full particulars and expert application engineering help, contact your local 
Louis Allis District Office. Or write for Bulletin No. 1900 to The Louis Allis 
Co., 459 East Stewart Street, Milwaukee 1, Wisconsin. 


Syncro-Spede is a Trademark of The Louis Allis Company 





MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


sid hia LOUIS ALLIS 





FOR INSTANT STARTING, SMOOTH STEPLESS SPEED CONTROL 


MIAGNE-SPEEM 


NON-ELECTRONIC 


VARIABLE 
SPEED DRIVES 


Featuring simple circuitry, MAGNE- 
SPEED drives provide high efficiency 
operation at competitive cost. Non- 
electronic, they require no warm-up 
time. Excellent regulation without 
tachometer. 


MAGNE-SPEED JUNIOR 


MAGNE-SPEED SIZE I 
REGULATION: 7 


Approximately +4% of base speed 
RANGE OF ADJUSTMENT: Zero fo Full speed 


WIDE SPEED RANGE: Base speed 2000 r.p.m. 
fo approximately 40 r.p.m.... 
a 50:1 range. (4000 r.p.m. avail- 
able on special order). 


COMPACT... SIMPLE INSTALLATION 


STANDARD SIZES AVAILABLE 


amo [——Vioove rawr [er | 


MAGNETIC AMPLIFIERS INC. 


632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 
West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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applications, incorporation 

ture amplifiers, cathode followers 
pulse circuits and others empleyin 
transistors or subminiature vacu 
tubes. Modules are available in 
from %, in. diam x 2 in. up 

is 20 grams (without circuit eleme 

Modules of the P-500 series are ay 
able in a range of sizes, witl 
but rigid metal cases which ca 
color-coded. Equipped with male 
female miniature connectors in one 
both ends, they can be inserted 
rectly in the line or used in tandem 
in appropriate combinations. 

Current modules are designed 
operation at ambient temperature- uy 
to 125 C. altitudes up to 60,000 ft. 
Units are encapsulated in epoxy resin 
for high resistance to shock, moist 
vibration and other environmental 
ditions. North Atlantic Industries. Ine., 
603 Main St., Westbury, L. L. N. Y 
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ROLLER LEVER-ACTUATED 
SWITCH HAS NEW DESIGN 


Designated BZ-RW922-A2, the 
has many of the advantages of ; 
plunger switch, such as low pret: 
close repeatability and stability 
also has high overtravel. 

4 0.25-inch bronze roller is lo 
on top of a double lever arm. As ¢! 
lever is depressed, both levers 


downward until the switch is 


The upper lever then proceeds on 
downward, providing additional high 
overtravel. Because the actuating de- 
vice is located directly over the pin 
plunger of the basic switch, drift-off 
characteristics remain at a minimum 
even after multiple operations. 

Because of its high degree of over- 
travel, the switch can be used with 
fast-moving cams. It is well adapted for 
use on control mechanisms such as 
radar units, precision machine tools 
and other uses needing constant pre- 
cision actuation. 

The limited overtravel of the snap- 


spring, the low break distance insure 


long trouble-free mechanical life. The 
case itself is made from asbestos-filled 
phenolics which gives greater stability 
of characteristics. 


Electrical rating is 125, 250. or 460 
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punched or drilled hole 





CUSTOM-DESIGNED AND MASS PRODUCED 
TO YOUR PARTICULAR REQUIREMENTS 





Dot plug buttons were originally used in auto- Availableinclearor colored plastics... brassersteel 
mobiles to fill spaces on standard models which, in all standard finishes... embossed and enamel- 

de luxe models would be occupied by such filled or molded to show company insignia or other 
extras as Cigarette lighters, radio controls and so identification symbols ... Dot plug buttons snap 
on. They are now also widely used as lenses into place and stay where they’re put even under 
for indicator lights and as identification buttons conditions of extreme vibration. Yet they can be 
on instrument and control panels of all kinds. removed and replaced repeatedly without damage. 


CARR FASTENER COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 31 Ames Street, Cambridge 42, Massachusetts 


MAKERS OF FASTENERS 
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volts a-c, at 10 amp. Contact arrange- 
ment is SPDT. Terminals are available 


*k in many different designs. Micro-Switch, 
Div. of Minneapolis Honeywell Regu 
lator Co., Freeport, Ill 
Circle No. 543, Reader seainy Service Cards 


SHEET....ROD.... 
UNIVERSAL MOUNTING 
TUBING....MOLDED OR MACHINED PARTS? TRIMMER POTENTIOMETER 


Model DM miniature precision potentio 


YOU CAN GET JUST cogeey kh peg 


available in stock values from 10 ohms « . 


to 50 K ohms and features a resolution 
of 0.2 per cent. 


Case is thermo-setting plastic and an 








“O” ring seal protects against moisture “ 
** Made of Teflon by JOHN 
. ee . dust. and salt. Model DM. requires no 
CRANE” has become practically 
cox : : : mounting hardware and mounts direct 
a standard specification for parts ba i ae 
; o chassis or printed circuit eithe 
and components subject to severe : 
: : : manually or by machine. Tinned leads 
electrical, corrosive, thermal, me- (0.032 dian a da 
° . 9. Glam) are nodular spaced 
chanical or atmospheric abuse. ak peel én 2D a ,' \ 
y ° ° 1O%K ester Oo g ) anes oO 
Whatever your requirements in Shaadi ; oe 
co = elec ca LOSE under <9 @g , janes 
Tefion . . . sheet, rod, tubing, Cpikie Bente ineckedn 390 a 
ns - e ea es 1 ide 2 degree ro- 
packings, gaskets, bellows, insu- lima. cas ; meg 
: . : ation, emperature range > to 
lators, sealing discs or non-stick 150 C : Paes , 
ee . ote ) » ine retention o setting adur- 
parts . . “John Crane” can a : 
me thank ing vibration and shock. B-H Elect: 
er : ics, P. O. Box 25124. Los Angeles 
In addition, you get these impor- Calif 
tant plus factors: complete uni- Circle No. 544, Reader Inquiry Service Cards 
formity throughout, high density = 
control, freedom from flawsand rig- 
id adherence to yourspecifications. 
SELENIUM RECTIFIERS 
“John Crane’s”’ complete fabrica- 
. : ese, ° el | > er ‘ = f otlered 
tion facilities assure you prompt lenium rectifiers a1 exeG 8 
. ve range ot ce sizes om OUR i 
delivery on exactly what you want large rang oe I si irom V.cOw 7 
. . ( oO 6 in nd provide 
no compromise. If you have an liam to 12 in. x 16 in. and : sash 
. . ers Oo stach ssembly 1¢ 
entirely new requirement, no ' re — eee : th 
. roe f s er ce the umb ot 
standard design or procedure — ail , : om number 
a ‘ 999 » ene ) . vs s needed tor highe ecu 
John Crane’s” laboratory facili- ee ' ths needed gher cur . ° 
ties, know how, research and en- Fons APPcetens. 


: . . Ce tages of 15 me 2a. 3 
gineering experience go to work ell voltage 18, , 


* 10 and 45 volt rms ratings are avail 
on your particular need. - 
| FFLON mae t ; I able. The higher cell voltages permit 


Now is a good time to put “John fewer cells in series for high voltage 
Crane”’ to test. Contact Crane applications. The lower voltage cells 
Advantages: Packing Company today. may be operated at current densities 


CHEMICAL— Completely inert 
ELECTRICAL—Extremely low power factor Crane Packing Co : 


Very high dielectric strength 6424 Oakton St., 
THERMAL—Temperature range Morton Grove, Ii. 
—300°F. to +500 F. Chicago Suburb 

MECHANICAL— Strong, flexible A 
Weather resistant In anada: Crane 
LOWEST COEFFICIENT OF FRICTION Packing Co., Ltd., 


Hamilton, Ontario 





ABSOLUTELY NON -STICK 









CRANE PACKING COMPANY 


INDUSTRIAL PROGRESS 





OFFICES IN ALL PRINCIPAL CITIES 
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Generator brushes wearing too fast ? 





(pe. ti 


Your [Pell jatrionac brush man showed 


this electroplater how to double brush life! 


Rapid brush wear was limiting gener- under 20% overloads. This “National” BGX brush 

( \ ator performance at this busy electro- grade actually doubled brush life. 
are plating plant, says “National” Carbon Cliff Brower and his fellow “National” Carbon Brush 
| Brush Man, Cliff Brower. No other Men have been solving industrial brush problems for 
om! industrial brush solved the problem years. Their experience and training—backed by 
ar eae until Cliff suggested a newly developed “National” long term brush development—make them 


“National” brush grade. the best consultants on any industrial brush problem. 


That was five years ago. Since then not one commu- Call your “National” Brush Man today. Or write 


tator has been stoned or turned. Brush wear has been National Carbon Company, Division of Union Carbide 


even, with no selective action or overheating — even Corporation, 30 E. 42nd St., New York 17, N. Y. 


The terms “National”, ""N” and Shield Device, and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N.Y. 
Sales Offic es 





Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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CORROSION-RESISTANCE, 
PAINT BASE on 
ALUMINUM and MAGNESIUM 


EASE OF USE—Iridite is a simple chromate conversion 
treatment. Fast, easy, economical. You just dip, brush 
or spray it on the part at room temperature. No spe- 
cial equipment. No specially trained personnel. 
OUTSTANDING PERFORMANCE—Forms a film that is an 
integral part of the metal itself. Can’t flake, chip or 
peel. Takes paint firmly on initial application, and the 
bond lasts. Even protects areas scratched in use. 
LOWEST COST—You have only minimam equipment 
cost, no special racks, high speed operation, lower 
overall handling costs. 

CHOICE OF APPEARANCE—Clear coatings that retain 
metallic lustre to dark, maximum protection coatings. 
A variety of colors is available by dyeing. 

RIDITE 4 and = 14-2 (Al-Coat) for ALUMINUM 

Two specially formulated finishes that give you maxi- 
mum latitude in aluminum treatment. Both provide 
excellent corrosion protection and paint base. Iridite 
#14-2 is an improved product that allows greater 
flexibility in operation and coating thickness and pro- 
duces the optimum in corrosion protection. 
Either coating provides corrosion resistance superior 
even to complicated electrolytic treatments in a frac- 
tion of the time. These coatings also offer many other 
valuable characteristics: they have low electrical re- 
sistance, they aid in arc-welding, provide a good base 
for bonding compounds, have no effect on the dimen- 
sional stability of close-tolerance parts. Final appear- 
ances ranging from clear through yellow iridescence to 
full brown can be obtained. By dyeing, you can pro- 
duce red, green, blue, orange or yellow finishes. 


PIDITE 7 


r MAGNESIUM 

Produces a protective, paint base film with corrosion 
resistance at least equal to that obtained from long, 
high-temperature dichromate treatments in a fraction 
of the time and at room temperature. The appearance 
of the coating can be varied from light brown to dark 
brown and black. 


APPROVED UNDER GOVERNMENT AND 

INDUSTRIAL SPECIFICATIONS 
SEE FOR YOURSELF WHAT IRIDITE CAN DO... SEND SAMPLE 
PARTS FOR FREE PROCESSING. Look at the results, test the pro- 
tection, evaluate the savings. Also write for handy Reference 
File of the most complete data published on chromate conversion 
coatings. Or, for immediate information, call your Allied Field 
Engineer. He's listed under "Plating Supplies" in your classified 
phone book. 


|» Wants erage Tat PY a rs 


INCORPORATED 


4004-06 E. MONUMENT STREET e BALTIMORE 5,MD 


Cela eee Met Mate ome elec acetal) 
and Paint Systems on Non-Ferrous Metals; ARP Plating Chemizals. 


West Coast Licensee—L. H. Butcher Co. 


Circle 205 on page 17 


ELECTRICAL MANUFACTURING 


ot twice the 26 volt cell ratings, thus 
reducing the stack size and cost. Syn- 
tron Co., 490 Lexington Ave., Homer 
City, Pa. 
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D-C TO D-C MAGNETIC 
AMPLIFIER 


Model 420 is a d-c to d-<« 


amplifier especially designed for mis 


magnet 


siles, automatic pilots, speed controls 


fuel controls, and nuclear measuring 
and control equipments. It often re 
places  chopper-stabilized — amplifiers . . 





. - 
where extreme bandwidth is not re 
quired. 

Model 420 has a transimpedance 
Zm, of 50,000 ohms and delivers full 
linear d-c output from 10 pwatts of 
d-c control signal; frequency response 
extends from d-c to 25 eps, depending 
on circuits used. 

The unit contains a push-pull, full 
wave, reversible-polarity magnetic am 
plifier and uses negative feedback for 
stabilization and for improved linearity 
Special power supplies, bias supplies 
and balance controls are not needed 
Model 420 uses less than 3 watts of 
power, operates from standard 115 
volt, 400 cycle power and is self-con 
tained. 

Distorted supply waveforms, 10 per 
cent voltage and frequency variations 
and temperatures from —55 € to +-85 
C do not impair performance. Unit is 
ruggedized in a steel case 11% in. ix 
diam by 3 in. in height: weight is less 
than 9 oz. Acromag. Inc., 22519 Tel . ” 


graph Rd.. Detroit 41, Mich 
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MINIATURIZED TRIMMING 
POTENTIOMETER 


The Vari-Trim 


two trimming 


Model 062 S contain- 


potentiometers two var 


iable resistors, or one ot each, plus 
a fixed resistor, all in a case measur 
ing 0.250 in. by 5/8 in. by 1-1/4 it 

Each wire-wound element is offered 
in resistances ranging from one ohm 
to 125,000 ohms. By use of an over 


250.000 
addition, 
available at one 
either or both 


wind, up to 
furnished. In 
ances are 


ohms can be 
series resist- 
end of 
elements. or symmetri 


cally at both ends, to provide a max- 


ELECTRICAL 


MANLEACTURIN 
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sets quality standards to 


make high-speed driving pay Off 


its full potential in savings 


Are you “collecting” the savings you rightfully 
expect from the use of automatic screw driving 
machines and other power driving equipment? 
Most of the potential savings can be wasted 
when fastener faults cause frequent downtime 


on the assembly line. 


That is why Continental quality-control stand- 
ards are matched to the most exacting demands 
of high-speed driving equipment. Special tests 


and trial runs are used to spot any defects that 











might pass undetected in ordinary inspection. 
No screws that fail to meet Continental’s close 
tolerances get by. You get dependable uniform- 
ity in every detail, and avoid slow-downs. 


Next time you order fasteners, specify Conti- 
nental HOLTITE. You'll see why Continental 
users “collect”—day after day—the full savings 
planned in assembly. For prompt service, write 
or phone: Continental Screw Co., 455 Mt. 
Pleasant St., New Bedford, Mass. 


ate ol 


win or lose on 


fastener costs. 


Cty oS lel (ts 





Test runs duplicate 
assembly line conditions 


Automatic screw driving machines 
of the types in current use are set 
up in the Continental quality-con- 
trol laboratory as required for test 
runs under job conditions. With 
these and many other tests, Con- 
tinental of fastener 
quality and uniformity matched 
to the toughest high-speed driv- 
ing demands. 


assures you 





MEMBER 
SCREW RESEARCH 
ASSOCIATION 


MARCH 


trouble-free. 


CONTINENTAL 


HOLTITE FASTENERS 


HOLTITE PHILLIPS AND SLOTTED HEAD 
WOOD * MACHINE * TAPPING * THREAD-FORMING * SEMS * NYLOK 


HY-PRO PHILLIPS INSERT BITS AND HOLDERS 
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Are you missing savings 
you could be making ? 


Find out how Continental special- 
ized cost-saving experience can 
help At your request, a 
Continental Assembly Specialist 
will survey your operations, and 


you. 


make detailed recommendations 
for maximum cost reduction. 
This advice is unbiased, since 


HOLTITE Fasteners include all 
types of threaded fasteners. 





VA wtiel 


Circle 207 on page 17> 





P| | 


OTTO LU AT 
Ve 





42° SMALLER SIZE. The new 100-Line General Elec- 
tric magnetic starters (Size O and 1) are only as high 
as G-E 4- and 6-pole relays. You no longer waste 
space on your panels. 


STRAIGHT-THROUGH WIRING. All you do is insert 
your leads into the pressure-type terminals and 
tighten. They are on the front of the new G-E magnetic 
starter — easy to reach. 


ADJUSTABLE OVERLOADS. A new finger-tip adjust- 
ment of the overload relay trip setting allows easy 
adjustment between plus or minus 15% of the nomi- 
nal heater rating. 






















NEW G-E SIZE 0 AND 1 MAGNETIC STARTERS 


Cut cost by reducing panel 
space and assembly time 


BECAUSE THEY'RE 42% SMALLER — FEATURE 
STRAIGHT-THROUGH WIRING, FRONT CONNECTIONS 


TT . ; Vir it ¢ r 1 ) 17 ‘ ner 1 ov : ¢ } ] } } cry nal at L 

These new, radically different 100-Line General means you attacn leads t the terminals at the 
1 . a | . : . t na } rn f } t t r mM 

Electric magnetic starters have been designed to top and ttom of the starter — no more run 


help you save panel space and assembly time round wiring to take extra time and space. You 
SAVE PANEL SPACE. The new starter is 42% mount the starter by simply sliding its Kev noies 
smaller — now approximately the same height over three mounting screws on the panel. This 


as G-E 4- and Aaah relays. When starters and new General Ele 
relays are mounted side by side, you no longer it you 


waste space below the relays. G.E.’s straight- 


through wiring and cooler operation mean y 7 ee 
. =a th ? 
need only '2 inch on each side of the new s , spas 
The coil inrush current has been reduced so eh 
h 1 
can use a 40 volt-amp control transformer. You oa = 


a) haw wor hai F yy ical rh Iwantal 
also have your choice of vertical or horizontal 


sech ies : Bi ce cele : ee aaa mpa 

mechanical interlocking on reversing starters 

The savings in panel space also help meet the a it ai Se ses 
HE Savings im pane: spa aso Nneip Mm n .ike more inform n? Contact your nearby 










w JIC specifications General Electric Apparatus Sales Office, or writ 
_— ASSEMBLY TIME. The new, 50% lighter to Section 731-15, General Electric Co., Sche- 
t G-E magnetic starter is fast and simple nectady, N. Y., and ask for bulletin GEA-6611 


» install and connect. Straight-through wiring General-Purpose Control Dept., Bloomington, ] 


Progress /s Our Most — Product 


GENERAL £3 ELECTRIC 


MACHINE TOOL RELAYS have front OIL-TIGHT PUSH BUTTON UNITS. STATIC CONTROL components, in 
connected terminals, are easy-to- The new push to test unit checks for easy-to-use plug-in form, provide 
wire from four directions, and are burned out bulbs — the new illumi- reliability for critical jobs. Photo 
also available in latched-in forms nated unit reduces panel space 50%. shows 





three steps of encapsulation 
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, | Q.4 itt it iy ¢ 
fF | ( High-te 
FP ' . | . 0 . . 
i ( ‘ ra 
E | | 
| ie : , i" 2 © © 
I ing 
: | o esolu 
VT \ | 
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TEFLON WIRE COATINGS 
FOR WALL THICKNESSES 
FROM 0.020 TO 0.225 IN. 
Wire coatings of Teflon are available 
( us t i} t vire 
ploving ! Tefl 
! y : \ccor sn t “ 
| uy Deth ! ! has 
fit uy G all 
u ‘ electri il 
properties. In- particul s said t 
ove t ter -~ i tle ‘ it 


Lancaster lens stays cool 
over refrigerator light... 


In the store, a refrigerator is far from cool. The in- 
terior light gives off intense heat during hours of 
open-door display. That's why Lancaster used spark- 
TES oa UM TMU UM Ae 
lamp lens. This one-piece molding in handsome 
eee Mel lala LoL 


Lancaster has a way with all kinds of glass— 
including lead and borosilicates—to brighten your 
eel aM Me ee MM eh et) oa 
tions Handbook today. Lancaster Glass Corporation, 
Lancaster 1, Ohio. 
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PANT Nex) 1+). 
WITH ENJAY. 





Talk about impact resistance! The 5-year-old Anaconda 
cable supplying this giant shovel with power was buried 
under thousands of tons of rock when a whole wall of 


the open pit mine caved in. . . yet the cable continued to 
supply power! This is one of the many Anaconda prod- 
ucts featuring Enjay Buty] for outstanding performance. 

Enjay Buty] is unmatched in its resistance to impact 
and abrasion, moisture and weathering, ozone and 
corona... properties that make it the world’s out- 


standing rubber value. 





= 2 . . . ° ° 
rs Low in cost and immediately available in a grade iG Uj T Y L 
tailor-made for your electrical application, Enjay Buty] is the rubber to boost 


performance and cut costs. For further information, and for expert technical 
assistance, contact the Enjay Company. yl is the world’s greatest rubber 
value ...the super-durable rubber with 


Pioneer in Petrochemicals outstandin 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 


Akrone Boston © Chic agoe De troite Los Ange Le g° Ne w ¢ rle ans * Tulsa 


resistance to aging « abra- 


sion « tear « chipping « cracking « ozone 
and corona « chemicals « gases « heat « 
cold « sunlight + moisture. 4 
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An endless parade of electrically perfect, wired terminals with 
absolutely identical performance characteristics is assured when 
A-MP non-insulated Diamond Grip terminals are used. No matter 
how many terminals you need, each action of the A-MP precision 
tool attaches a Diamond Grip terminal that gives firm, fully cir- 
cumferential wire support, for maximum tensile strength, resists 
vibration and corrosion, while performing at maximum conductivity. 

The reason for these never-varying features is the exact crimping 
Operation which pressures the wire into one homogeneous mass 
anc permanently bonds it to the terminal. Wire size range is from 
No. 26 to No. 10. Important, too, are the lower installed costs 
of Diamond Grip terminals when compared to other methods of 
wire termination. 

INO matter what your termination problem is, our engineering 
services are available to you anywhere in the free world. 

For complete specifications, write for our Diamond Grip Ter- 
minal and Connector catalog. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through wholly-owned 
subsidiaries in: Canada « England » France « Holland « Japan 
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and the technique is applicable to both 
stranded and solid conductors. The 
company also supplies rods, tape, tubes 
and sheets of Teflon. Chemplast Inc., 
3 Central Ave., East Newark, N. J. 
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TRIAXIAL CONNECTORS 


Series of triaxial connectors is designed 
for use in high-voltage pulsed circuits 
where noise radiation must be kept at 
an absolute minimum. Noise suppres- 
sion properties of triaxial cables are 
retained in the new triaxial connector 
designs. 


Included are air-to-air and air-to-oil 


receptacles; right angle receptacles, 
double end adapters, and both field- 
assembled and molded-to-cable type 
plugs. Corona ratings range from 9 
kv d-c through 15 kv d-c and from 12 
kv (rms) through 15 kv (rms). 

Molded plastic inserts have high 
dielectric strength, low moisture-ab- 
sorption properties and are oil-resist- 
ant. Large grooves on the insert creep 
line are easy to clean. Sealing is ac- 
complished by using “O” rings, imper- 
vious to most oils. 

Triaxial cable connectors have been 
performance-tested at —55 C, at alti 
tudes to 10,000 feet and under condi- 
tions of humidity, shock, vibration and 
salt spray without functional impair- 
ment. For bulkhead panel assemblies, 
connectors have been pressurized to 
withstand up to 50 psi without leak 
age. H. H. Buggie, Inc., Box 817, 
Toledo 1, Ohio 
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LINEAR VARIABLE 
DIFFERENTIAL TRANSDUCER 


Linear variable differential transformer 
is designed for sensing motion or posi- 
tion of a movable core along a trans- 
former axis. 

Known as Type 3050XS-AT, it has 
an output voltage which is a precise 
linear function of core displacement 
over a linear range of more than 3.00 
in. The core is separate from the trans- 
former and is attached by the user to 
the source of motion. A plot of output 
versus displacement will not deviate 


ELECTRICAL MANUFACTURING 








A True Short Cut to Superior Circuit Connections .. . 
A FASTIN-FASTON Harness Connector. . . 
.. VIBRATION RESISTANT ¢ VERSATILE » COMPACT 


The NEW: 





@ For appliance and automotive wiring, Fastin-Faston saves time, money, trouble . . . 
in both designing and production. 


@ Firm wire support... perfect conductivity under severe vibration conditions even 
as a free hanging unit. Simplifies such operations as the connecting of wall switches 
to built-in ranges . . . top with bottom circuits in clothes washers . . . front and back 


assemblies to car electrical systerns. 

Connects up to six separate circuits when polarized unit is snapped together. 
Finger grip engagement and disengagement. 

Uses quick, easy-to-apply Faston Terminals. Housing is fabricated of nylon for 
superior mechanical and electrical performance. UL approved. 


Write today for additional information of A-MP®*® Fastin-Faston Harness Connectors. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through wholly-owned subsidiaries in: CanadaeEnglandsFrancesHollande Japan 
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ALCOA ALUMINUM 
FASTENERS 


Build lasting good looks—sparkling 
sales appeal—into your aluminum prod- 
ucts with Alecoa® Aluminum Fasteners 
Get perfect color match, avoid dis 
coloring and weakening corrosion 
Avoid ugly stains with bright, carefree 
\lecoa Aluminum Fasteners. 

With Alcoa Aluminum Fasteners 
you are protected against galvanic and 
itmospheric corrosion. And they are 
readily available in all standard types 
ind sizes at your local Alcoa distributor; 
or call your nearest Alcoa sales office 
Look in the Yellow Pages of your tele 
phone dire¢ tory. 
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of the output 


from a= straight line drawn through 


the origin by more than + 0.25 per cent 
at 3 in. displacement 
\t this displacement, the output for 
nominal 26 volt 400 cycle input into 
a 1 2 megohm load is 6 volts. 
Output variation is stepless. Effective 
entirely on the 


resolution depends 


minimum voltage or current increments 
which can be sensed by associated 
equipment. When the core is at null 
position, residual voltage is less than 
0.5 per cent of output at rated max 
imum displacement. 

Type 3050XS-AT has a primary in 
pedance of 500 ohms at 400 cps. and 
i differential secondary impedance of 
145 ohms at 400 eps 


weighs 190 grams; the 


The transformer 
coil assembly 
ore. 10 grams. Ambient temperature 
range is 65 to +450 F. Schaevitz 
Fngineering. P. O. Box 505. Camden 1, 


ines 
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2000 WATT D-C TO A-C 
CONVERTER 


These power converters are available 
for 1000. 1500 and 2000 watt a-c out 
put and offer reliable. heavy-duty per 
formance for applications requiring a 


high capacity output of 115 volts or 


930 volts a-c. 50 or 60 evele. single 
phase or }-phase 

The converters operate from 32, 48 
64. 115 or 230 volts d-c. Their 4-pole 


design permits an armature operating 
-peed of only 1800 rpm, resulting in 
maximum service life and quiet opera 


tio Marine 


I plove d througho it for service under 


grade specifications are 


treme conditions. Amortisseur arma 


re windings insure stabilitv of the 


c¢ output. and efficient d-c commuta 


tion is obtained by interpole construc- 
Steel trame ring wit sturdy, alu 
m end casting provide 1 rigid 

Ip-] i entilated housing with 
ind weight held to the lowest 

I The big onverters 





“DIAMOND H” 


THERMOSTATS 


For range ovens, appliances, 
motor or solenoid control, 
restaurant and laboratory 
equipment, industrial and air 
conditioning applications. 


A wide variety of circuits and 
temperature ranges are avail- 
able in both single and double 
pole models of “Diamond H” 
Series 270 Thermostats with 
UL-approved ratings up to 25 
A. 125-250 V., A.C 

They may be had with sin- 
gle dial control, on-off, manual 
and automatic preheat and se 
quencing. Calibration is accu- 
rate with consistent, low dif- 
ferential and positive, over-the 
center, snap action. Spade ter- 
minals simplify assembly; 
screw terminal adapters avail- 
able. Spindles and mountings 
as required. Ask for Bulletins 


T270 and T276. 











For a quick run-down on 
‘Diamond H” switches, relays, 
thermostats and other devices, 
send today for a free copy of 


the “Diamond H” Check List of 


Reliable Controls. 
MANUFACTURING 


HART 


211 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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NYLON RESINS 


Use of ZYTEL reduces noise 


INTRICATE GEAR ASSEMBLY 


», . re r a* 
Wereue gare 





CABLE AND HARNESS TIE 


TELEVISION-TUBE BASE 








ROTARY SWITCH 


SEND FOR 
INFORMATION 
Mail this coupon for ad- 
ditional property and ap- 


plication data on Du Pont 
ZYTEL nylon resins. 
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INSULATE 


9 


subject: 
types: 


conductors: 


source: 


APPLIANCE WIRE 
ALL INSULATIONS including polyvinyl! chloride; 


asbestos; silicone rubber; Teflon; Kel-F polyethylene; 
nylon, etc. 


copper; nickel; nickel clad copper; nickel plated iron; 
aluminized iron. 


CONTINENTAL WIRE CORPORATION 


For complete information on the wide range of 
Continental insulated wires and cables, write or call 
CONTINENTAL, Wollingford. 


Where heat... moisture... cold... oil... grease... 
corrosive vapors ... demand a reliably insulated wire 

or cable, be sure to specify CONTINENTAL. A wide range 
of types and sizes in stock, or to special order. 

Give amperage, voltage, diameter limitations, and 


operating temperatures and conditions when inquiring. 


Corrs 22€E72fal 


wWwZazzre corporation 


WALLINGFORD, CONN. © YORK, PENNA 
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are modern in appearance, having a 
black crinkle finish. Overall size is 11 
x 19 x 12 in. high; weight is 195 Ib. 
Carter Motor Co., 2711A W. 
St.. Chicago 18, IIL. 
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TUBE SHIELD FOR 
RIGHT ANGLE SOCKETS 


\s an integral part of the entire as 
sembly, the tube shield cannot be lost 
or misplaced when 
socket o1 
tube 


es opi 


servicing the 
tube. The 

and tel- 
with a bayonet locking feature 


installing a new 


shield is self-contained 


to maintain it in the raised position. 


With a slight twist, the upper half 
is disengaged and lowered so that the 
tube can be removed without difficulty 
and without 
shield. 

The right angle shielded sockets are 
designated as the 7 PC-IS and 9 PC- 
IS series. Base material of the sockets 
is 1 16 in. XXP_ phenolic (NEMA 
Grade) 0.00135 copper 
ounce) capable of carrying 6-1/2 amp 


prior removal of the 


with (one 
Sockets can be furnished in quantities 
using a base laminate of glass epoxy 
material. Both grades of material can 
be furnished up to 3/32 in. thick. 
Cleveland Metal Specialties Co., 1783 
FE. 21st St., Cleveland 14, Ohio. 
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TIME DELAY RELAY 


The Type TDS time delay relay pro- 
vides time delay periods to 0.1 see by 
means of a copper slug installed on 
the relay pole piece. A relatively long 
delay period in small size is obtained 
by the use of snap-action switches. 


Dimensions of the hermetically 


ELECTRICAL MANULEFACTURING 
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thousands of “ ” without DELAY! 


ROTARY 
THESE 22 SERIES foo 












SECM | ass 
v< - h 
rs . c 
1-3/32 “37 , 4 . 
WILL HANDLE ALMOST +e se “ne 
¢ wee 4 ’ ’ , 
‘ 
ANY LOW- CURRENT MINIATURE: 8, 10, and 12 SMALL: Up to 12 positions ADAPTABLE: 8, 10, 12, 
positions; up to 18 con- in phenolic, Mycalex, or and 14 positions; many 
tacts per wafer. steatite insulation. variations; economical. 





Series A Series F 


APPLICATION ... 


Series J, K, N 












GENERAL PURPOSE: Up 
to 12 positions; 30 , 45 , 
60° throw. 


LOW COST: Up to 12 
positions; staked or strut 
screw construction. 


Series QH 


18-POSITION: Single or 
double .eyelet fastening 
of clips. 





24-POSITION: 15° throw 
handles complex circuits. 


Series MF 


LOW COST: 2 to 5 posi- 
tions; fits in limited space. 


Series 50, 53 






















Series H Series L 













SIMPLE SWITCHING: Up 
to 5 positions combined 
with AC switch. 


Series 52, 54 


LEVER OPERATED: 2 to 5 
positions; numerous ver- 
sions using std. wafers. 


Series 185 


SIMPLE SWITCHING: Up 
to 4 positions; numerous 
variations. 


CONCENTRIC SHAFTS: 
Dual and triple shafts 
with many wofer types. 









FOR PRINTED CIRCUITS: 
Special lug designs for 
direct insertions. 











Series 20 





ROTARY SLIDE 


~ 1-29/32" 


> 


CUSTOM-MADE Anan : 
TO YOUR EXACT ings 2 a 


















Bt. ee 
SPECIFICATIONS ; 5/8 ey 
aed SOLENOID SWITCH: Oak 2-POSITION: Shortin COMPLICATED SWITCH- C i 
| : g COMPACT—2 to 4 posi- 
STANDING TOOLS wafers with G. H. Leland type with floating slider. ING: 2 to 4 positions; up tions; max. switching in 
type of Rotary Solenoid. Series 70 to 20 poles; very thin. min. space. 
. Series 150 Series 160 


PUSHBUTTON 
Se 
a be. 


EACH SWITCH 

IS PRETOOLED 

IN NUMEROUS 
VARIATIONS. 





SINGLE BUTTON—1 to 4 
poles; spring return and 
push-push. 


Series 170, 175 


a9 NBS 
ON ANY SERIES 
tons; up to 14 contacts PY 33 AVAILABLE 







SIMPLER CIRCUITS: 3 to 
12 buttons; very adapt- 
able unit. 










COMPLICATED CIRCUITS: 
1 to 18 buttons, up to 32 
contacts each. 


ULTRATHIN: 1 to 12 but- 







per button. 





Series 80 Series 130 











Series 131 od Lise i 


For Recommendations on Unusual Applications, send us a sketch and short description. 


MFG. ae a fF) <oht 3 
co. YY } 2° 


1260 Clybourn Ave., Dept. H, Chicago 10, Illinois 
SWITCHES ROTARY CHOPPERS 


VIBRATORS SPECIAL 
Phone: MOhawk 4-2222 SOLENOIDS ASSEMBLIES 
MARCH 1958 Circle 215 on page 17 221 
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CANSTEE 
Tantalum Capacitors 


ome ng 
Toe ee 
CE 
TLL ame bs 3) 


CAPACITORS 


FANSTEEL 


RECTIFIERS 


RELIABLE TANTALUM Pogo ap SINCE 1930 
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sealed unit shown are 1 x 1-!ye x 
2-"g0 in. high. Mounting is accom- 
plished by three 46-32 studs on 0.438 
x 0.938 centers. Weight is 5 0z. Nom- 
inal coil resistance for 26.5 volts d-c 
operation is 425 ohms. Contact ar- 
rangement is DPDT and contact rating 
is 5 amp at 26.5 volts d-c or 115 volts 
a-c. 

Temperature range is —55 C to ---85 
C. Altitude to 70,000 ft. Operating 
shock to 50 g and vibration at 10 g. 
E. V. Naybor Laboratories, Inc., 26 
Manorhaven Blvd.. Port Washington. 
ne os 
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HORIZONTALLY MOUNTED 
SHIELDED COIL FORM 


This completely shielded coil form as- 
sembly, using internal powdered iron 
components, is suitable for i-f strip 
work where ease of tuning, compact- 
ness, and dependability under rigorous 
service conditions are required 


The assembly can be chassis 
mounted by means of 4 22-56 screws. 
or 4 pin-mounted to printed wiring: 
required mounting holes are on 0.400 
in. by 0.300 in. centers. The mounted 
assembly is 1/2 in. wide by 1,2 in 
high. A positive compression-type tun- 
ing core lock is provided. Cambridge 
Thermionic Corp. 445 Concord Ave 
Cambridge 38, Mass. 
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METER-RELAY 


This meter-relay, cased in clear plastiv 
has a moving coil armature which 
rotates in the flux gap of an Alnico 
magnet. The movement rides on_pol- 
ished pivots in vee cup jewels. The 
bottom jewel is spring-mounted sap- 
phire. The top jewel is cushioned glass. 
The “pointer” on the movement is a 
contact of solid iridium-platinum. A 
contact-locking coil develops high con- 
tact pressure which assures good opera- 
tion even under vibration. Most ranges 
will operate during vibration of 10 g 
from 5 to 200 cycles. 

Size: 1-3, x 1%, x 2 in. high. Con- 


ELECTRICAL MANUFACTURING 
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tact arrangement can be high limit, | 

limit or both high and low limits. The 
. vero point can be between the two 
ts or either above or below ther 


Contact locking coil is rated 5-25 d-« 


Open circuit contact voltage 75- 
125. Reset can be manual or automatic. 
or trip points range from 
0.2 wamp to 10 for current sensitive 
inits and from 0.1 mv to 500 volts. Ac- 
iracy of the trip point is within 3 pet 
cent (except on some of the lowest 
sensitivities). San Georcinto Div., As- 
sembly Products, Inc., P.O. Box XX. 
Palm Springs, Calif. 
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OZONE-RESISTANT NITRILE 
RUBBER 


Said to be the first nitrile rubber to 
resist ozone cracking, compounds of 
Hyear 1072 nitrile rubber can be made 
which are unaffected by ozone during 
an extended test period, even when the 
compounds are soaked in hot oil before 
exposure to ozone. 

This quality, combined with superior 
oil resistance. good flexibilitv. high 
strength and resistance to abrasion and 
oxidation, suggests several important 
applications for Hycar 1072. These in- 
clude electrical insulation, especially 
near ozone-producing spark discharges. — | 
ind fabric coatings for both indoor and 
outdoor uses, 

\ Hvyear 1072 compound. after im- 
mersion in ASTM No. 1 oil for 70 hr 
at 212 F. showed good resistance to 
ozone exposure. A Hycar 1072 com- 
pound containing an added anti-ozonant 
showed good resistance to ozone both 
before and after immersion in hot oil 
B. F. Goodrich Chemical Co... 3135 
Euclid Ave.. Cleveland 15. Ohio. 
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FIBER GLASS REINFORCED CAPACITORS 


POLYESTER 5 KV STANDOFF FANSTEE:! 2) 
INSULATOR a L 
eee 
\ new 5 kv standoff insulator meets all 
NEMA Class A-20 physical and elee- 
trical specifications. The insulator is 
made of fiber glass reinforced polvester. 
not porcelain, which has been the ac- 
cepted material for 5 ky insulators. 


DEPENDABLE ee OI SINCE 1924 
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| hey 


racy, higher impact strength, and high 


have greater dimensional accu- 


resistance to arc erosion and thermal 
shock. 

The cost is approximate ly half the 
price of a porcelain insulator and it 
weighs 1.3 lb compared to an average 
weight for porcelain of 7 lb. Dimen- 
sional accuracy eliminates the need for 


expensive shimming and hand fit-up 


Here’s how Wisconsin Ceramic Parts sine eaten Gx din saatetaiesiaak: ot ’ 
help cut production costs! 


porcelain insulators 
Maximum variation in height 0.010 
in. compared to 2» in. allowable 


under NEMA standards. Mounting sur- 


Highly developed manufacturing Send a sample or blue print and : me 
' \ } 7 " faces are parallel within 0.010 in. TIR, 
process makes it possible to obtain tell us your requirements. We will rIR all bl 
compared to 2 in. 1 allowable un 
a great degree of accuracy on porce- be glad to quote prices and delivery. | : 
der NEMA standards. Impact strength 
lain, refractory, steatite and filter £4] a : 
ir Serving the Electrical and Electronic of the insulator is 3 ft.-lb compared to 
arts . 
ali 0.2 ft-lb for porcelain. The Glastic 
+n 7 wy ' ‘ ? . ] ' 
The uniformity and toughness Corp.. 4321 Glenridge Rd., Cleveland 
of Wisconsin Ceramic parts result in WISCONSIN 21, Ohio. 
components that fit easily and accu- PORCELAIN CO. Circle No. 557, Reader Inquiry Service Cards 
) on page | 
rately into place,—speeds assembling 1S Market St. 
and increases production efficiency. SUN PRAIRIE, WISCONSIN 
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ACCELEROMETER SURPASSES 
RUGGED LIFE TESTS 


Mounted on a vibration table subject- 
ing it to conditions equal to the rough- 
est airborne treatment, accelerometer 
was run for 30 days around-the-clock 
and was still operating with a resist- 





ance card linearity of +0.25 per cent, 
with a resolution better than 0.2 per 
cent at the conclusion of the test. 
Running at a speed of 2 cycles a 
second, the unit is said to have equaled 
the million cycle average life of similar 
units on its first day of operation, and 





had exceeded 29 million cycles when « ° 

the test was halted. Several thousand 

have been built into jet fighters such 

LUTC ES and BRAKES as the Air Force F-94 and the Canadian 
CF-100. 

Giving information on 120 standard configura- The accelerometer is of the poten- 

tion selection, engineering data, schematic 

diagrams, dimentional data, minimum perform- 


ance curves, oscilloscope readings and other 
technical information. 


A copy of the catalog is available 
without charge pron 


ee 
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RESTRICTED SPECIFICATION FORMED PARTS ty 
COLD ROLLED STRIP STEEL FOR HEAT TREATMENT 
SIZE 8x 036 
i ANALYSIS 1056 . 
é j FINISH Bright 
HARDNESS Rockwell B-78 Max. 
TOLERANce  * 0003 incl. crown 
With 005 
9 : TOLERANCE ~~ 
| MICROSTRUCTURE Uniform spheroids 
; COIL SIZE 16” 1D. coils large as possible 
ES PACKAGING On skids — shrouded 
Knowing exactly wl require for 
most efficient f and most 
effective product performance, J&L can 
set up and consistently meet restricted 
vecifications t most exacting 
dema Often production operations can 
be greatly or even eliminated; 
in most end-product and/or 
assembly costs can be reduced and quite 
frequently, product quality improved. 
We would welcome an opportunity to ex- 
plore with you the possibilities of J&L 
Restricted Specifications applied to your 





THE 4 IN | SOURCE 


FOR YOUR 





COLD ROLLED STRIP STEEL fe 
, F 


Now there are four J&L plants with facilities 
for production of “Restricted Specification” 
cold rolled 
Youngstown, 


locations at 


Angeles 


strategic 


Los 


strip. 


Indianapolis, and 





strip steel requirements. 


14 x 048 
1085 


95 te 105 Reckwell B suitable 
blanking 


+ .0005 incl. crewn 
+ 005 





Kenilworth, N. J., provide the security of 4 Uniform medium size spheroids 
sources of supply plus the close working 16” — LD. Max. coil wt. 600% 
relationship which these local production On skids — shrouded - 
centers make possible. 
Jones & Laughlin 
STEEL CORPORATION 
STRIP STEEL DIVISION 
GENERAL OFFICES: YOUNGSTOWN 1, OHIO 
PLANTS: YOUNGSTOWN * INDIANAPOLIS * LOS ANGELES KENILWORTH, NEW JERSEY 
SALES OFFICES: NEw york ROCHESTER © NEWINGTO CONN. © YOUNGSTOWN CLEVELAND 
DETROIT INDIANAPOUS «© CHICAGO * LOS ANGELES © SAN FRANCISCO 
FORMERLY THE COLD METAL PRODUCTS COMPANY 
MARCH Circle 220 on page 17 225 
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tiometer type operating on a silicone 
damped spring-mass system. Designed 
to operate in the 65 F to 350 Ff 
range its special alloy spring kas a 
zero thermo-elastic coefficient. 


SMALL! POWERFUL! QUIET! 


lotal resistance of the potentiometer 
card is 5000 ohms. Three miniature 
wire-wound potentiometers mounted in- 
side the cas however, shunt the accele 
ration sensitive potentiometer to a value 
of 4263 0.5 per cent. Accelerometers 
ure replaceable without need for any 
adjustment or calibration or associated 
equipment. The units are built in 1 to 











10 g models. Airesearch Manufactur- 
ing Div., The Garrett Corp., Phoenix. 3 , 
\riz. 
Circle No. 558, Reader Inquiry Service Cards 
on page 17 
* . 
AIR AND HYDRAULIC 
CYLINDERS MEET 
AUTOMATION STANDARDS 
Nine bore sizes ranging from 115 in 
to 8 in. are available in a choice of 11] 
standard mountings. Included in the 
5-piston rod and styles are large ex 
ternal thread. small external thread 
for a standard line of motors with shoulder, and internal thread. 
adaptable to hundreds 
of applications 
YOU CAN ALWAYS 
MODEL A I 
2-pole, shaded pole Two piston designs are available: 
AC induction Type R ‘ | | / } 0 V2 G [ standard high-tensile cast iron piston; 
ers . es vield strength steel and have been aec- 
a — General industries standard lineof motors curately ground, hardened, hard chrome 
dentedipain OC. is adaptable, with slight variations, to plated, and highly polished. Easy main- 
eo literally thousands of applications. This anon SA CON yk SD 
. Fi removable cartridge-type bearing that 
means that your motor requirements can , » 


also provides accurate seats for rod 
most likely be met without additional seal. rod wiper, and static outer seal 
Hydro-Line Mfg. Co., 5600 Pike Rd., 
Rockford, I. 


. e Circle N 559, Reader | iry Service Card 
If you are currently using fractional horse- eae ———«_- TC 


time-consuming engineering. 





“F 


MODEL D 
4-pole, 4-coil 
shaded pole AC 
Induction Type 


power motors, or are planning a product 


that calls for their use, phone or write MINIATURIZED MAGNETIC 


General Industries. We'll gladly make MODULATOR 
recommendations — without obligation. This “MAG MOD” miniaturized mag- 


“e 





netic modulator is particularly suitable 
Write for complete specifications and for use in transistorized printed circuit 


quantity price quotations TODAY! assemblies. The modulator is a_ static 
infinite life converter which delivers a 
phase-reversing. fundamental frequency 
amplitude-modulated envelope propor- 
tional to the polarity and amplitude of 

aha GENERAL INDUSTRIES te an input d-c or low frequency signal 
Time constants are held to the low 
millisecond region. Hysteresis ampli 


MODEL E 
4-pole, shaded pole 
AC Induction Type 


| 

| 

| ’ e. 

| ‘wel 

| 

| 

| and alloy step cut piston ring piston. 

| Fractional H. P. Motors Both types are piloted to the rod and 

locked positively with self-locking nut. 
SS | 1/40 H. P. to 1/1100 H. P. Series “S2” cylinder rods are heat 

| treated, stress-relieved, 100,000 psi min 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 





DEPT. GL * ELYRIA, OHIO 
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fin Ounce of Protection 


KLIXON precision aircraft circuit breakers 
have to be light; yet even the smallest, 
weighing about 14% ounces, can safely 
interrupt a 120-volt ac, 400-cycle circuit 
delivering over 4000 amperes. To provide 
the high arc resistance and great physical 
strength required, Spencer Thermostat 
Div., Metals and Controls Corp., uses 
glass-filled CYMEL® melamine plastic hous- 
ings. These non-corrosive housings are 
excellent insulators and stand up to 
impact, humidity, dust, temperature ex- 


} 
troamoec and fra 
tremes and 1lre. 





Plastic Keys Conduct Orchestra of Light 


The Lumitron Lighting Control System permits one oper- 
ator to play infinite variations in stage-lighting effects 
using handles and slide bars molded of BEETLE® urea 
plastic. BEETLE, an excellent dielectric, requires no insu- 
lation. Molded-in colors are permanent, permit quick 


circuit identification for console operator. Developed 
by Metropolitan Electric Manufacturing Company, 
the Lumitron has an excellent record of dependable 
performance. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
33D Rockefeller Plaza, New York 20, N. Y 


In Canada: North American Cyanamid Limited, Toronto and Montreal 


—C¥ANAMID eg 


New Low-Cost Electrical Outlet System 


Made of ivory-colored BEETLE urea molding compound, 
new interlocking foot-long units provide low-cost, easily 
installed electrical outlet extensions. BEETLE combines 
good mechanical and dielectric properties for safe, de- 
pendable service, meeting ASTM Specifications D705-49, 
Grade I. Made by Cable Electric Products, Inc., this 
new Snapit Inter-Link System is fully approved by 
Underwriters Laboratories, Inc. 





Plastics 





and Resins 


Division 


Offices in: Boston « Charlotte » Chicago « Cincinnati » Cleveland « Dallas « Detroit + Los Angeles * New York « Philadelphia « St. Louis « Seattle 
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HOW ONE CONCEPT IN POTENTIOMETER 
DESIGN SOLVES THREE BASIC PROBLEMS 


SPACE-SAVING SIZE AND SHAPE = — 


You can pack a lot of Bourns potentiometers into a 





small space —12 in one square inch of panel area (or a 
17 TRIMPOT JR.* units!) Fit them into corners, between : 
other components, flat against chassis or printed circuit | 
boards. Mount them individually or in stacked assemblies. P 

ADJUSTMENT STABILITY i 


Bourns potentiometers are self-locking (no lock nuts 
required). Any adjustment remains stable. Shock, 
vibration or acceleration can’t affect a setting. 
Bourns potentiometers are helping thousands of 
engineers make reliability a reality. 








CIRCUIT BALANCING ACCURACY 





Bourns potentiometers are 33 times as accurate as 


conventional single-turn rotary types—the screw- 
actuated mechanism provides 9000” of rotation 
instead of only 270°. Circuit balancing, calibration — 
adjustments of all types are easier, faster, more 
precise. And repeatability is assured 





e™ 
| ae \ ae 





BOURNS 


Laboratories, Inc. 
P.O. Box 2112 « Riverside, California 


*Trodemork ORIGINATORS OF TRIMPOT® TRIMIT® AND POTENTIOMETER INSTRUMENTS 
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HERE ARE ADJUSTMENT POTENTIOMETERS 
TO MEET ALL YOUR REQUIREMENTS 


high performance military potentiometers and rheostats 










a 4 
‘go > 
cir 





General Purpose Type Micro-Miniature Potentiometer 
The original wirewound TRIMPOT®. Model 200 The TRIMPOT JR.* Model 222 is so small you 
(terminals L, S or P—see drawings below) con fit 17 units in one sauare inch of pane 





105°C operction. 0.25 watt. Also available spoce. 175°C operation. One watt. Humidity 
os a rheostat, Model 201 TrimR® (termina proof. (Terminals L or W 


L only) 





LE 


i ee 
a _— 


= BouRNS® 






High-Temperature Operation 








75°C operation. One watt. TRIMPOT Model 
260 or P). Available as a rheostat Mode 
26) 





High-Resistance Wirewound 







Carbon 


y 


P el 207 (L). Resistances to 
250 K. 175° C operation. Two watts. Rheostat An unusually significant 


MA 


oc 





military and commercial units available in these terminal types: 


L =Lleods, insulated, stranded P = Pins, printed u 
aR . . 
S$ =Solder lug =Wires, uninsulated 
+ ouue canal 


x 


‘a TRIS 
Potentiometers. Please specify Laboratories, Inc. 


the model or type and mention 


your opplication P.O. Box 2112 « Riverside, California 


° ™ Rm) 
*Trademork ' ORIGINATORS OF TRIMPOT® TRIMIT® AND POTENTIOMETER INSTRUMENTS 
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Control Unit, Cable and 
Proximity Pickup start at 
$89.50 Patents pending. 






Solve your metal control problems 
with this low cost proximity pickup 











Pickups 


5/8”-18 mounting threads 


Compare these advantages over other proximity devices 


Flexible ... Detects both ferrous 
and non-ferrous metals. Sensi- 
tive to very thin metal pieces, 
such as aluminum foil. Does 
not attract or hold ferrous 
chips. 


Compact .. . Only the small 
Pickup need be located in the 
work area. Control Unit can be 
located up to 50 feet or more 
away. 


Economical . . . Low replace- 
ment cost for Pickup ($13.50). 


Rugged . . . Sealed Proximity 
Pickups for water and oil en- 
vironments. 


Proven Reliability . . . Three 


Write or Phone for Bulletin and Name of Nearest Field Engineer 






Electro 


Sensing Elements 
for Control 
Counting 







Speed and Displacement Se 





years continuous use in auto- 
motive industry. 


Qualified ... Meets JIC require- 


ments. 


Other ‘plus’ advantages 


Versatile .. . Wide variety of 
Proximity Pickups available 
for detecting metal objects at 
clearances in excess of 6 inch- 
es. Suitable Hollow Coil or 
“pass through” type Pickups 
available for detecting or 
counting small metal parts of 
various sizes. 


Practical ... Associated Control 
Unit contains relay output for 
direct operation of motor con- 
trols, solenoids and electric 
counters. 


ELECTRO PRODUCTS LABORATORIES 
4501-M Ravenswood, Chicago 40, Ill., LOngbeach 1-1707 
Canada: Atlas Radio Ltd., Toronto 





a 


Magnetic Dynomic 
Measurements Supplies Pickups Sonometer Micrometer 
230 Circle 224 on page 17 
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tude is less than 0.5 per cent of tull 
scale signal input Null or zero drift i 
less than 0.5 per cent for an ambient 
temperature range of 65 C to 13 
C. Modulators are available to with 
stand higher temperatures on speci 
order. All magnetic modulators 
to MIL-T-27A. 
Some typical circuit applications 

algebraic addition, subtraction, multi 
plying. raising to a power, controlling 


amplifier gains, mechanical chopper 







replacement in d-c to fundamental fre 
quency conversion, filtering, and low 


signal level amplification. Miniaturiza 






tion makes it possible to incorporate 
this component into wafer type stru 
tures without sacrificing reliabilit 
General Magnetics Inc., 135 Bloor 


field Ave., Bloomfield, N. J 


Circle No. 560, Reader Inquiry Service Card 
on page 17 


HIGH RESOLUTION 
PRESSURE TRANSDUCER 


Model 451212 features 2000 wire (0.05 
per cent) resolution and accuracy wit! 
in 1.0 per cent of reading. Precise stati: 
and dynamic balancing results in 
combined linearity, hysteresis, and re 
peatability error of 1.0 per cent 
reading. or less. The instrument is 
available in pressure ranges from 0-10 
through 0-50 psi absolute, differential. 
or gage. 

\n interesting application i- 
Machmeter transducer package, where 
the A P has been cascaded between 
two Model 451212’s. This results in an 
effective resolution of 4000 wires over 
the pressure range, vet the accuracy is 
still within 1 per cent of reading. Other 
applications are as a Mach controller 
in a missile, as the pressure sensor in 
the variable inlet control system for an 
operational interceptor, and in an 
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PERFORMANCE PROVEN 
.--FOR OVER 25 YEARS 


ch RESISTORS 
RHEOSTATS 








Pe 
aol i 
, LZ q ” v “Y { \ 
. a iw ‘ eae 
H-H Long-Life Resistors | TN GB. | 
; Blue Ribbon Resistors 
Rugged blue ribbon resis- _ ot eS eee 
tors provide higher watt- TYPE A RHEOSTATS (25 Watts! 






























age ratings per unit, save 

space and weight. Con- 

Struction features high 

temperature, vitreous 

enamel, crazeless coating : 
> for maximum moisture re- / i, 
*% sistance. Aluminum thru 5 
bar distributes heat uni- 
formly. Corrosion resistant 
and vibration-proof 


Gray Line Resistors 
These dependable resis- 
tors feature high tempera- 
ture gray enamel coating 
and stronger core for 
extra dependability under " 
the most extreme operat ~@ 
ing conditions. All wire 
connections on H-H Long 
: Life Resistors feature all 
> welded construction. The 
fixed, ferrule and adjust- 
able types meet MIL-R-26 
specifications. 





Hardwick Hindle quality components offer circuit 
designers and engineers exclusive electrical and 
mechanical features. These design “plus” factors 
provide complete dependability where severe 
operating environments are encountered in 
commercial or military service. Complete data 

on H-H Rheostats and Resistors is available on 
request. Call or write for illustrated resistor 

and rheostat catalogs today! 
Standard stock items available for 
immediate delivery from authorized 
local electronic parts distributors. 





The Mark of Quality Since 1924 
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Functions smoothly under 
the most adverse cond 


n T einwaiie £ cten 
tions. Terminals of strong 


rarrasion res 





TYPE AM RHEOSTATS (25 Watts) 


Featuring porcelain-vitre 
ous enamel construction 
Type AM rheostats are ex 
ceptionally rugged, com 
pact and possess excellent 
heat dissipating character- 
istics. Resistive element 
is wound on a flat. pure 
mica form, placed within 
a refractory base and com 
pletely embedded in vitre 
Ous enamel 


This type Hardwick Hindle 
Rheostat includes all the 
electrical and mechanical 
advantages featured in the 
Type AM with lug termin- 
als. However, Type AMS 
Rheostats incorporate 
screw type terminals 


High temperature enamel 
affords maximum safety 
under overloading. H-H 
bus-bar construction pro 
vides ample resistance, 
ample safety under maxi- 
mum current require 
ments. Constant pressure 
contact arm prowdes trou- 
ble-free operation 
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NACA pressure ratio measurement sys- 
tem. G. M. Giannini & Co., Inc, 918 E. 
Green St., Pasadena 1, Calif. 


Circle No, 56:, Reader Inquiry Service Cards 
on page 17 


DON’T OVERLOOK 


Cas 


Pere Mie ts Re ibd 


MINIATURE SOLENOIDS 


Miniature Type C-5 is a_ powerful 
solenoid in a small package. It is only 
5g in. x 34 in. x 1% in.; and is 
available for a-c or d-c service. The 
See CST CA MM or er ac ae fine construction includes a nylon 
ett MM CM mee el 


PT i RUM ue 





° 7 
Mieke Me MMe Mg 
vated temperatures, commutation, arcing, or shaft 
t s . 
sealing, ghances are Stackpole Carbon, Graphite or 4 . 
rt MO ete i Me 
rials can fill the bill better—aot less cost. - 
BEARINGS SEAL RINGS | 
Self-lubricating units molded to Special pump and shaft seals for : : 
desired shapes and close toler- oils, air, gases, corrosive chemi- plunger guide which minimizes wear 
ances. High temperature types. cals and other liquids. and insures long life. 
Type C-8 is a low-cost solenoid 
VOLTAGE REGULATOR DISCS especially suitable for appliance and 
a . ending achine ¢ lications. The size 
Critical control for voltage, line, speed and pressure — ren —— at , . 
regulators, continuously adjustable rheostats, etc. of this unit Is fm & Lae 
x 1%4 in. for a-c service only. It is 
MOLDS & DIES FRICTION SEGMENTS available in push or pull type and with 
spring return. Anderson Controls, Inc., 
Close tolerance types for foundry Withstand temperatures to 2777 Mannheim Rd., Des Plaines, Ill. 
work, powder metallurgy, etc. 1000° F. Wear well against steel. Cictle Me. 562. Roster tnanlty Savice Co 
on page 17 
Positive protection for pipe lines, ships, marine struc- MINIATURE CONNECTORS 
tures and other buried or immersed metal objects. WITH TAPER PIN 
POROUS CARBON = PUMP VANES os aed 
Per Line of miniature rectangular and 
ee ee ee oe hexagonal connectors are terminated 
stable at high temperatures. or air, chemical or gas pumps, for © Amp 37” taper pin recepta le 
The GHT hexagonal series offers 
BRAZING BOATS & FIXTURES ions: 4, 5. 7%, ond 9 contact axteng 
Withstand extreme thermal shock — permit quick ments and the GMT series offers 7 
cooling. Alloys do not stick to them. through 50 contact arrangements. These 
. . 


connectors can be supplied in a variety 


CONTACTS | CHEMICAL ANODES of maled materials, and equiped with 


polarizing guides, Thread-Locs, Snappy- 
Ideal where metal contacts fail Long-life types reduce clogging, a . 
: ; Jectors, and hood cable enclosures with 
from arcing, welding, etc. cut cell maintenance costs. : : 
vibration clamps. 
Also BRUSHES FOR ALL ROTATING ELECTRICAL 
EQUIPMENT ¢ SALT BATH RECTIFICATION RODS « 
DASH POT PLUNGERS ¢ HEATING ELEMENTS * WELDING - 
CARBONS « RESISTANCE WELDING & BRAZING TIPS ... 
and dozens of other specialties. 


STACKPOLE CARBON COMPANY, ST. MARYS, PA. a 


These connectors are designed to sur- 





are in Carbon but Diamonds” | a 
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PASSES TESTS 
WITH FLYING COLORS 


MILITARY 
AIRCRAFT 
MOTOR 










Aircraft de-icing pump motor. 


.». equal dependability for your product 


One of the recent Lamb Electric developments is a motor to drive 
submerged pumps on military aircraft—for transfer of fuel from 
reserve to engine tanks. 


For such an important application, motor reliability far beyond 
that normally called for was needed. To insure this degree of reli- 





ability in its actual operation of driving the submerged pump, test 


° Explosion-proof vacuum ynit. 
mm requirements for the motor were exceptionally rigorous. 


As the result of advanced engineering and design, greatly increased 
brush life, and ability to operate at extremely high temperatures and 


withstand, severe shock tests, the motor passed gruelling tests with 
flying colors. 


The skill and experience exemplified here is available to your com- 


pany to provide dependable power for your new or redesigned 
products. 





THE LAMB ELECTRIC COMPANY «+ KENT, OHIO 


A Division of American Machine and Metals, Inc. 


Gear motor for 
slow-speed drive. 


In Canada: Lamb Electric— Division of Sangamo Company Ltd.—Leaside, Ontario 


if you are interested 
s in any of the above 
motors write and we 
shall be glad to send 
SPECIAL APPLICATION full information. 
FRACTIONAL HORSEPOWER MOTORS ; 
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| TEXTILE SERVED 
| MAGNET WIRE 


... available in sizes, films and 
coverings to serve your require- 
ments. Every spool is made to the 
highest quality ... reasonably 
priced. Delivered to you when you 
need it! 


WIRE: +20 to #50— Bare and All Films —LITZ, STRANDED, 
RESISTANCE, ALLOYS, SILVER PLATED, etc. 


TEXTILES: NEMA, JAN. (Or your own)—SILK, NYLON, CELANESE, 
COTTON, GLASS, DAGLAS%*, etc. 


Yes, BRIDGEPORT is set up to deliver the right combination 
of textile-covered magnet wire on an immediate delivery sched- 


ule. Try us! (*) DAGLAS is a Phelps-Dodge Reg. Trade Mark 


CONSULT OUR SERVICE EXPERTS 
SEND FOR SAMPLES AND PRICES 


The BRIDGEPORT INSULATED WIRE CO. 


53 BROOKFIELD AVE. @ BRIDGEPORT, CONN 


Manufacturers of © Round Magnet Wire © Textile Served Wire ¢ Solerable Enamel 
* Silicon Enamel ¢ Stranded Alloy Wire ¢ Heating and De-Icing Wire, etc 
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TIMER RELAY 
that handles all 
controlled timing 
problems... 


% No false contacts 

% Non sticking 

% Practically ‘fail safe” 
% Low cost timer 


Durakool: 


Si Ole) SMe aS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
i “at COIL 
lays from 0.15 sec. to 20 sec—either p- en G12 
normally open or normally closed ; 


action, 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


Circle 229 on page 17 


pass requirements ot MIL-C-838 
Gorn Electronics Diy... Gorn Electric 


| Co.. Inc., 845 Main St., Stamford, Conn 


Circle No. 563, Reader Inquiry Service Cards 
on page 17 


HERMETIC SEAL 
COMPRESSION SEALS 


*Hi-Dome” compression seals 


mit the fused glass to extend bevond 
the metallic configuration without 
cracking or shearing 

The -e seals combine the 


strength of compression seals with the 


desirable electrical and physical oper 
ating characteristics of glass-to-metal 
kovar seals Phe dielectric properties of 
the increased glass mass provide higher 
electrical surface resistance and higher 
“arc-over” values, eliminating potential 
moisture traps and faulty glass fusion 
“Hi-Dome” applications are: filters 
transformers, condensers, relays and 
refrigeration seals. Hermetir Seal 
Corp.. 29 South Sixth St.. Newark 


NJ 


Circle No. 564, Reader Inquiry Service Card 
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NEMA RERATED MOTORS 
WITH ALL-ALUMINUM 
FRAMES 


Line of electric motors with new 
NEMA dimensions and specifications 
are available in frame sizes 182 
through 326U, horsepower ratings of 

» through 40 and either drip-proof 
or totally enclosed fan-cooled  con- 
struction. 

These rerated motors feature all- 
aluminum alloy frames which effect 
approximately 25 per cent weight re- 
duction in comparison to cast Iron. 

The motors still feature the “Xpand- 
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and only USG brushes 


have STATITE permanent 
shunt connections 


If you are having trouble with shunts jarring 
loose or being pulled out, we suggest you try USG 
Brushes with Statite. Statice is a permanent shunt 
connection needing no hammerclips. It can’t be 
jarred out even under severe operating conditions, 
and will assure your electric motors of steady 
maintenance-free performance. Statite eliminates 
the need for riveted shunt connections. In addi- 


THE UNITED STATES 


DIVISION OF THE WICKES CORPORATION e SAGINAW 8, MICHIGAN 


\ 
‘ 


tion, Statite shunt connections retain their original 
low millivolt shunt drop, cannot oxidize, and are 
unaffected by temperature extremes. USG Brushes 
are manufactured in a variety of types and sizes 
for all applications from fractional horsepower to 
diesel generator. Grades available include carbon 
and carbon-graphite, electrographitic, graphite, 
metal graphite, and silver graphite. 
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GRAPHITE COMPANY 


THE UNITED STATES GRAPHITE COMPANY 
SAGINAW 8, MICHIGAN 


NAME 
TITLE 
COMPANY 


ADDRESS 
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This typical application of the Hupp“ Data-Tab”, lighted by 2,300 G-E 2-pin lamps, posts u heat 
prices. It can easily be adapted to deliver practically any message—instantly. 


WHEAT PRICES, TEAM SCORES 
OR TRAIN SCHEDULES, G-E 2-PIN LAMPS 
CAN ANNOUNCE THEM ALL! 


By arranging more than 2,300 tiny G-E 2-pin lamps in rectangular 
patterns, or modules, and then flashing combinations of the lamps, 
Hupp Electronics Company’s* new data tabulator can spell out 
any message—instantly! Designed for push-pull sockets, G-E 2-pin 
lamps are used because they’re so easy to install and maintain. 
Simplified construction of lamps and socket takes less space. 

For many applications, the G-E 2-pin lamp offers special advantages. It weighs 
about half as much as conventional lamps with the metal base. You get positive 
electrical contact, and because there’s no solder to soften, G-E 2-pin lamps give 
good performance up to 600°F. 

l'wo-pin lamps “live” longer because there’s no glass bead needed to hoid the 
heavy-duty lead-in wires. (This means no resonant frequency differential that 


helps break filaments in other lamps.) Discover how they can give your prod- 


ucts improved design and opel ition and more sales appeal. For further 


information on G-E 2-pin lamps write: General Eleetrie Go.. Miniature Lamp 


Dept. EM-38, Nela Park, Cleveland 12, Ohio. 
+ fvenue, Forest Park, Illinois. 


Progress /s Our Most /mportant Product 


GENERAL GQ ELECTRIC 


able” design idea which permits many 
unusual but standard power package 
adaptations with fluid couplings, gear 
reducers and magnetic brakes. Many 
additional special mechanical modifi- 
cations such as NEMA face and flange 
endbells are also provided 
Electric Co.. 3001 W 
Alhambra, Calif 


Circle No. 565, Reader Inquiry Service Cards 
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Reuland 


Mission Rad., 


HIGH TEMPERATURE 


FILM-INSULATED MAGNET 
WIRE 


Thermester-L magnet wire is available 
in a broad range of sizes including fine 
wire gauges down to 50 AWG. (The 
photo shows two pieces of Thermester-! 
insulated magnet wire, compared with 


a human hair in the center are 


threaded through the fine eve of « 
sewing needle. ) 
Thermester-L magnet wire 
maximum operating temperature 
155 C., and has good electrical and 
mechanical properties. Also available 
in gauges as fine as 50 AWG is 
Temprite (Teflon) magnet wire. Tem- 
prite has a temperature range as high 
as 250 C. Along with good dielectri 
strength and chemical resistance, the 
Temprite magnet wire exhibits low di- 
electric constant and power factor. 
The space tactor tor beth of these 
magnet wires makes them suited for 
delicate and sensitive instruments 
Hitemp Wires, Inc., Westbury, N. Y. 


Circle No. 566, Reader Inquiry Service Cards 
on page 17 


Posteard return cards are provided 
on page 17 as a convenience to the 
reader in obtaining 
New Components and Materials 

Additional 


f 


data from the supplier 
iny item reviewed 


Literature for the Design 
Engineer 
A copy of any manufacturer's 
public ation reviewed 


Feature Article 


Single 


Reprints 


co f{ selected 
| I 
] 


articles 


Advertised Products 
More information on any proc 


described 
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Miracle Plant! Zoospores of some 


fungus cover their own length as fast as a 


Sabrejet. The bacterium Pseudomonas 


aeruginosa (shown many times its size) has 


been clocked at 31.7 lengths per second 


To do as well, proportionate to size, a 


man would have to run 125 miles an hour 


Miracles in Miniaturization 


New Age Of Miracles js miniaturiza- 


tion in industry. It's a new frontier as mag- 


nificent as the colossal. With MPB bearing 
the irr ible miniaturization often be- 
comes practical; the pretty-good become 


perfect. MPB has the greatest wealth of ex- 


perience in miniaturization in the | earing 
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Miracle Instrument. This anemom- Man With Miracles. This 
eter catches a puff of wind wafting less Carter, MPB's 
than 1 mile per hour. Its high sensitivity the anemometer 


and accurate measurement of wind sp 








are aided by two MPB bearings in which would reduc minimum, give 
the shaft rests. Quick starting is result of ure-proof service and help keep origi- 
low initial torque nal and maintenance costs low 








industry xr 50 } and ze 
| 
available... st 1 request tect | 
| e 7 f } 
nical a ince and research 
S¢ nd to none. Y ant to know rn 
about the subject For our new ata gwrite 


Miniature Precision Bearings, Inc., 


603 Precision Park, Keene, N. H. 
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S-D Type 48LXX 





S-D Type 48KXX 
(3-pole) 


Small Size...Long Life... 


ECONOMY CONTACTORS 


for motor control applications 


Backed by full Struthers-Dunn quality, designed 
to minimum size consistent with dependable 
performance, these new 3- and 4-pole AC con- 
tactors are ideally suited for “built-in” control 
of AC motors, solenoids. valves. lamps, heaters 
and other loads. 

Contacts are conservatively rated at 15 am- 
peres to 600 volts AC and with horsepower 
ratings to 3 h.p. for 440 /550-volt service AC 
3-phase. 

Struthers-Dunn Data Bulletin 7048 will 
bring you full details. 


REVERSING TYPE 


S-D Type 175KXX includes two dur- 
able solenoids each opening three 
double-break, normally-open con- 
tacts. Ratings are similar to above. 
Write for S-D Data Bulletin 7100. 





STRUTHERS-DUNN, Inc. 


Pitman, N. J. 





5,348 Relay Types...World’s most diversified relay selection 


Sales Engineering Offices in: Atianta « Boston + Buf * Chicago - C nnat 
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BIG NUMERAL STRAIGHT- 
LINE READ-OUT DIGITAL 
COUNTERS 


To guard against possible transposi 
tion, the small numbers characteristh 
of the average counter are presented 
as 214 in. high numerals, on a flat 
plane and in correct straight-line read- 
ing sequence. The numerals of Model 
101A are formed by a large number 


esucase St 





of small. high intensity neon bulbs 
These are set well back in a honey 





comb formation to provide a_ precise, 
easy-to-read image. Each large, bril- 
liant numeral is formed of many bulbs 
so that failure of 2 or 3 bulbs would 
not affect accurate recognition. 

The size, brightness and clarity of 
numerals, plus wide-angle readability 
permits reading accuracy in strong am 
bient light. The memory — circuit 
changes only on command, preventing 
loss of important statistics. Modular 
plug-in construction allows the relay 
trees and lamp assemblies to be used 
separately or with other equipment 

For simultaneous. multiple or re 
mote use, two or more In-Line Read 
Out's mav be activated by one digital 
counter. Several lamp assemblies may 
be used with one In-Line Read-Out 
Computer-Measurements Corp., 5528 
Vineland Ave., No. Hollywood, Calif 

Circle No. 567, Reader Inquiry Service Cards 


on page 17 
AUTOMATIC TESTING 
BRIDGE 
The CML 1020 Rotobridge is an auto- 
matic self-stepping comparison-type 


bridge which will sequentially test up 
to a total of 99 circuits for continuity 
and resistance tolerance. The normal 
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LMM A The “K" Series 


Low Cost 


Positive 
Environmental 
Sea/ 


Instantaneous 
Polarity 
Identification 


rates 
arzian... 


ioK 


3T 


40K | 


LEAD-TYPE 
SILICON 


SPECIFICATIONS 


CURRENT RATINGS 


Max 


55°C 100°C 150°C Peak Inv 
Max DC Load 75 5 25 | 100 


Max RMS 1.88 1.25 625 | 200 


Max Peak (Rec.) rie 


Max Surge 30. 
(4ms Max) 


For complete data sheets, address Dept. M-1 


Rectifier Division, 415 N. College Ave., Bloomington, Ind. 


In Canada: 700 Weston Rd 


5. 2.5 | 300 
30. 15. | 400 
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VOLTAGE RATINGS 


Max 
RMS 

70 
140 
210 
280 


Jetec 
No 
1N1439 
1N1440 
1N1441 
1N1442 


, Poronto 9, Tel. Rogers 2-7535 + Export: Ad Auriema, Inc., New York City 
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CLEVELITE® 


Phenolic Tubing 


has proven dependability. It is quality 
engineered to meet virtually every requirement in 
the electrical field. 


Clevelite has high insulation resistance, exceptional 
chemical properties and good machinability to give 
product performance at its best. Available in diameters, 


wall thicknesses and lengths for your particular require- 
ments. 


The combined electrical and physical properties of 
Clevelite are essential to make your product better 
. . at lower costs! 


We also make a complete line of kraft, fish paper, 
asbestos and acetate tubing. 


FAST, DEPENDABLE DELIVERIES AT ALL TIMES! 
Fast replies to your inquiries! 


~ 


Visit our Exhibit 2319, Recto Engineering Shov 
Coliseum, New York City, Morch 24-27 


*Rog. U. S. Pat. Of. 


THE 
CLEVELAND CONTAINER 
6201 BARBERTON AVE. madlaa’ i anus 


PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT « MEMPHIS + PLYMOUTH, WIS. » OGDENSBURG, N.Y. + JAMESBURG. WJ. + LOS ANGELES 


ABRASIVE DIVISION at CLEVELAND, OHIO 


Cleveland Container Canada, Ltd., Prescott and Turento, Ont 





Representatives: 
WEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, WN.) | 
NEW ENGLAND: RR. S. PETTIGREW & CO., 62 LA SALLE RD. WEST HARTFORD, CONN | 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO & i ‘| 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES SME 
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rate of testing is one circuit per sec- 
ond. It is designed to detect errors 
in wiring, defective components and 
improper installation of components. 
Its usage is for the automatic produc- 
tion testing of radio and TV receiver 
chassis, amplifiers computer packages 
and similar multi-tube devices. 

Comparison standards are placed 
into the test modules, which are of a 
plug-in type. This permits rapid 
changeover from the testing of one de- 
vice to another and reduces setup time 
v a minimum. 

The bridge range is from 200 ohms 
to 2.0 megohms to an accuracy of 10 
per cent of the selected tolerance fig- 
ure (ie., 10 per cent of 5 per cent, 
10 per cent of 20 per cent) or from 
47 ohms to 5 megohms if an error of 
12 per cent of the selected tolerance 
figure is acceptable. Communication 
Measurements Laboratory, Ine., 350 
Leland Ave., Plainfield, N. J. 
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PROGRAMMABLE POWER 
PACKS IN 0—600 VOLT 
D-C RANGE 


Two new models added to a line of 
regulated programmable power packs 
double the voltage range of previous 
models. 

Model 235A has a_ programmable 
output capable of furnishing 500 ma 
at any voltage between 0 and 600. 
Model 236A (illustrated) is rated at 
0 to 600 volts d-c at a maximum cur- 
rent of 200 ma. The model 236A also 
has a 0—150 volt d-c. 5 ma bias supply 
and a 6.3 volt a-c center tap, 10 amp 
filament supply. 

The high-voltage output in each case 
may be programmed from a_ remote 
location by means of an ordinary re 
sistor. pot, or rheostat. For each 500 
ohms shunted across the programming 
line, the power pack furnishes one volt. 
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SERIES 800 
PRECISION 
RATIO 
TRANSFORMER 


TRANSFORMERS 


for 


LABORATORY EQUIPMENT 


IRC’s double answer to your specialized trans- 
former needs for laboratory equipment—close 
ratios ...superior accuracy ... adaptability to 
changing requirements . . . compact design. 


SERIES 900 Series 800 Ratio Transformers are 
Miniature 400 Cycle 0.1% accurate even with wide changes in load, 
POWER TRANSFORMER frequency and ambient temperature. Accuracies 
to .005% on special orders. Choice of ratio from 

1:1 to 1000:1. By special technique, odd ratios 

& 2 can be obtained without affecting the regulation. 

st 8, Durable glass fiber shells. Miniature encapsulated 

and hermetically sealed MIL-T-27 types available. 

















Series 900 Power Transformers offer 
precise regulation—very small pickup on very 
small stray fields. Frequency range: 375 to 525 
cps. Power rating: 14 V.A. Completely humidity- 
proof—encapsulated in epoxy, with glass fiber 
covering. 


Many special variations of these transformers are 
available to meet your specific laboratory and 
communication equipment requirements of accu- 
racy, windings, ratios and ambient conditions. 
Write for Engineering Data Bulletin WT-RT. 


INTERNATIONAL RESISTANCE COMPANY 


HYCOR DIVISION 


12970 Bradley Ave., Sylmar, California 
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A TALENT FOR INVENTION: Leroy 
K & E development 


Lettering Equipment—a 
insures perfect neatness and uniformity, vet it is 
simple to operate and requires no special skill or training. One man can 
start a job and another finish it without any variation in lettering. 


This K& E equipment comprises three basic, precision engineered 
parts: Leroy template, Leroy pen and Leroy scriber. Capitals, lower 
case, numerals, vertical or forward slanting letters can be drawn from 
a single template—an exclusive K& FE feature. You can buy templates, 


pens, and scribers separately or in convenient sets. 


Leroy templates offer a variety of alphabets, sizes and graphic symbols. 
Electrical, mathematical, mapping, geological and other symbol tem- 
plates are available. Templates, with words or phrases that are fre- 
quently repeated, as well as templates with vour own symbols, trade 
marks or designs, can be made to your order. 


To save time and money in your drafting room specify K & E Leroy 
Lettering Equipment. For other drafting or engineering equipment 
and materials also look to Keuffel & 


Esser Co.— your 


who have served engineering for 90 years. 


“Partners in 
Creating” 


Kee 


KEUFFEL & ESSER CO. 


Chicago, St. Lot [ San Francisco, lL 


te 
N 
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Resistance may be varied continuously 
Both models are available 
in 1000 ohms per volt, but without the 
main, front-panel voltage control. 

In addition to their laboratory ap- 
packs 
facilities, 

quality 


or in steps. 


plication, programmable power 
are used in automatic test 
transistor and tube 
computers, and 
Electronic Measure 
Inc., Eatontown, N. J. 


569, Reader Inquiry Service Cards 
on page 17 


vacuum 
control equipment, 
similar devices. 
ments Co., 


Circle No 


TRANSISTOR TESTER 
MEASURES Ibco FIGURE 
OF MERIT 


An accurate system which determines 
the basic parameters of a transistor has 
been designed into this new init 
Seta and Ico are examined as well 
the figure of merit of a 
Ibeo. Ibeo is a reliable 


ing tactor 


transistor 
qu ility measu 


because it involves collector 





current leakage, emitter current leak 
age, transistor gain. and base and 


emitter resistances. 

The tester accurately measures Beta 
leo and Ibeo of both p-n-p and n-p-n 
type transistors at any desired operat 
ing level matchi 


Component 
curacy of approximately per cent 
provided. 

The unit weighs only 4 
enclosed in a cabinet 5 in. high. 1] 


deep. All 


power is derived from 4 mercury cells 


wide and 9 in. 


The base current required to reduce 


+} 


he collector current to zero is directly 


issociated with circuit stability. varia 


tions. Its magnitude defines the point 
of class B operation and the limit ot 
class hs 


operation, providing the de 


signer with a direct measure of the 
circuit stability variations from tran- 
sistor to transistor, Armour Ele 
tronics.. Inc.. 10800 Ventura Blvd.. 


Studio City, Calif. 
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D-C VOLTMETER-AMPLIFIER 


Precision d-c voltmeter-amplifier des- 
ignated Model 97-A offers ease of op 
eration and direct reading in the 
of 10 pvolts to 1000 volts 


range 


It combines 


ELECTRICAL MANUFACTURING 





Three-Coil Overload Protection 


Would Have Prevented These 


Motor Burn-outs 





MOTOR No.1. Even though this three-phase motor was 
equipped with a 2-coil overload relay, the motor burned out 

. and here’s why. Like the vast majority of three-phase 
motors in use today, this motor took its power from a wye- 
delta transformer; and an open phase condition in the trans- 
former primary caused one high and two low motor currents. 
The 2-coil overload relay could not save this motor because 
the high current was in the unprotected line. Why gamble 
with a motor burn-out? Insist upon 3-coil overload relays 
for all your three-phase motors. . . the only dependable over- 
load protection for all open phase conditions. 


MOTOR No. 2. This three-phase motor was operating at 70°; 
full load with a 40°; loaded single phase motor connected in 
parallel when one of the incoming power lines opened. Once 
again the 2-coil overload relay failed to detect any trouble. 
However the motor current in the winding without a thermal 
element rose to 152°; full load current, while the current in 
the phases with the 2-element relay did not reach tripping 
value. This caused permanent damage to the motor winding. 
This motor could have been saved with full three-phase over- 
load protection. Be sure your three-phase motors are com- 
pletely protected from the hazards of all open phase condi- 
tions with dependable 3-coil overload relays. 





MOTOR No. 3. This 1 Hp, three-phase motor was working 
in parallel with a 10 Hp, three-phase motor when one of the 
incoming power lines opened. While the 10 Hp motor was 
not adversely affected by this circuit unbalance, the motor 
current in one line of the 1 Hp motor reached 140°; full load 
current resulting in a burned out winding. As in the other 
examples, the 1 Hp motor’s 2-coil overload relay proved in- 
effective because the overload occurred in the one line left 
unprotected. Don’t let this happen to your motors. Insist 
upon 3-coil overload relays for every three-phase motor, 
large or small . . . only 3-coil overload relays provide depend- 
able open phase protection under all operating conditions. 





Cutler-Hammer Three-Star Motor Control offers 
3-coil overload relays in all standard starter con- 
structions and enclosures. For immediate de- 
livery see your nearby Authorized Cutler- Hammer 
Distributor. Machine designers and panel- 
builders, open type Cutler-Hammer Three-Star 
Motor Control with 3-coil overload relays re- 
quire no more space than starters with only 2-coil 
overload relays. CUTLER-HAMMER Inc., 
1264 St. Paul Ave., Milwaukee 1, Wis., Associate: 
Canadian Cutler-Hammer, Ltd., Toronto. a Ma & 


CUTLER-HAMMER| 
» aah tage 
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NEW 


KLEIN 


shear cutting plier 










Patent applied for high sensitivity and input impedance 


with high stability and accuracy, while 
retaining simplicity of operation. 


f F Operating simplicity results from use 
— ; of a zero center meter that indicates 
positive to the right and negative to 

< the left, eliminating the necessity for 





207-5C shear cutting oblique plier 5'/2 
inches long. Coil spring keeps jaws 
apart ready for use. 


reversing test leads or using a polarity 
reversing switch. The 14 voltage ranges 
calibrated in multiples of 1 and 3 are 
aaa a easily read on large 6 in. mirrored 
scale meter. Voltages as high as 1500 


LONG NOSE may be accidentally applied even on 
SHEAR CUTTING PLIERS the most sensitive ranges without dam- 


age to the instrument. 

man * 5 . . Patent applied for e ¢ ae i ife 1) O7./ S 
cutters. This new Klein tool with shear A = de amplifie r, Model Mi A ha 
a maximum gain of 70 db and is ca- 





Here is the greatest advance in oblique 


blades is ideal for cutting hard wire such pable of providing +0.5 ma into a 


1500 ohm load. An output bias control 
in the instrument allows the adjust- 
ment of output to any current between 


as tungsten filament or dead soft wire. 





Also recommended for cutting small 


208-6C long nose shear cutting 


bundles of wire. The shearing action thd, th AA fads ees ales 0 and 0.6 ma, with zero d-c input con- 
assures easy, positive cutting atall times. with shear blades. Point of nose dition. Boonton Electronics Corp., 738 
: Ve-inch diameter. Coil spring keeps Speedwell Ave., Morris Plains, N. J 

jaws open ready for use. | Circle No. 571, Reader Inquiry Service Cards 


Regular cutters at the nose give added 


usefulness and convenience. The shear a 
blade is easily replaceable. Plier never — ~ AUTOMATIC TRANSMISSION 


on page 17 


needs sharpening. a BOBBIN WINDERS 
This plier is supplied with a coil 208-6NC. Similar in design to Bobbin winders models CX and CXS 
; : : 208-6C but reverse side designed | answer a need for machines of flexi- 
spring to keep the handles in open posi- to put a positive *-inch hook on bility that do not require gear chang- 
tion. Can also be had with Plastisol the end of a resistor wire. Smooth ing or frequent cam substitution. The 
: ; one-motion operation saves pro- winder combines a continuously var- 
dipped handles if desired. | duction time on every television or 


iable transmission to control the trav- 
erse rate with its standard adjustable 
cam design. 

Complete adjustment of the wire 
feed without tools or loose gears or 


FREE POCKET TOOL GUIDE cams is possible. The three basic ad- 
A 100 years of service to ASK YOUR SUPPLIER justments may be made with the ma- 


| radio set. 
Write for full information | 





v \ Mima: ‘elereiclinns chines running, if desired. One knob 

\ @? \ and industry is back of Foreign Distributor: regulates the wire spacing from about 

xtei? aor eat Pema: Teer International Standard Electric Corp. 10 to ia turns per layer; a second 

vide No. 100. A copy knob adjusts the traverse lengths as 

\ will be sent you on re- New York indicated by a dial calibrated in sixty- 

. _ wihent eiipe- fourths of an inch, and a third con- 
ton. 


trol knob is used to center the wind- 
ing between the coil flanges. The wire 
spacing is adjusted for the desired lay 
and the dial setting may be recorded 
for use. The cam throw can be set to 
within 0.003 in. using the dial read- 
ing. If setting closer than this is de- 
sired, simple means are available to 


4a Sl 


ee ee DS 
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W ATERPROOF 





PROBLEMS? 


: cS ei ae 


SEALS 


Transistor 
Closures 


Cushioned Glass Construction 
High Dielectric Strength 
Design Standardization 

A Cottle s smells mettle) 

Wate tM Site tat) 

ele el 

Maximum Rigidity 
Miniaturization 





ELECTRICAL 
INDUSTRIES o 
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WATERPROOF 


MOLDED COILS 

iia" ores 
Molded from the new epoxy 
resins, the coils are imper- 
vious to water, oils, dust, 


acids, alkali solutions and 
water base hydraulic fluids. 











The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


adjust to within 0.001 in 
There are no exposed gears or cams 


\ll internal moving parts operate in 





an oil bath. A high speed, lever reset 
predetermining counter controls the 
number of turns. Wire guides for these 


3 ee machines are constructed so they may 
Coil windings are currently 


. . be used in front or behind the coil 
being molded in_ green,  § aay 
Coil Winding Equipment Co., Oyster 

black, red, and blue colors, f 


Jay, N. : 
and all four colors are rec- Circle “ee Sil Dili ici iia 
| on page 17 
CARRIER PREAMPLIFIER 
HAS BETTER QUADRATURE 
REJECTION 
Carrie Model 450-1100 


ognized by Underwriters’ 
prean plifie I 





Laboratories as _ insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 





Write Dept. E For Complete 
Details 


DELUXE COILS, INC. 2 | 
Post Office Box 364 a bly a Tr) pen fee eee See eee ee 


\ 
features high performance, versatile 





with integral power supply is a_ self 
contained unit designed to drive optical 


rec ording svstems, tape rex orders. ost il- 





use, and flexibility that permits pack 


aging in either a portable case or 
l-unit modules Tor standard rach 
mounting 

) 1 | 

Preamp (with power supply is onl 


MODERN 115 in. wide, 10! in. high, 19's 


deep. All “450” Preamps 


ELECTRONIC calls interchange ible 
Model 450-11 is a Carrie implifier 
ENGINEERING jah ta cade ota Ga 


GIVES PRECISE t will excite nd | rccept outputs 
MOTOR SPEED — bridge, variabl 


luctance., differential transtormer 
CONTROL other types of transducers 
Standard carrier trequene = 2401 
1/100 — 10 H. P. eps: 600. 1200 and 4800 eps are op 
tional. With 100 uv rms from a trans 
Modern industrial electronic en- | nae y > 
ducer with an outpu impedance 
ineering h een nat 1 
gineering has bee coordi ated 1000 ohms or less, output is e ve 
with electric motor design to 


provide oa versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled ‘“Thyratron”’ 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power 
Patented feedback, or “Servo” 


circuits provide constant torque 


y capability over wide speed ranges 


of as high as 60 to 1 in some 





models and a minimum of 20 
to 1 in others 


wooed Ae tsa on) 374s ee 
4 Godwin Ave. 


Paterson. N. J. 
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One 
Pallet of Quality 
-Coming Up! 


ROEBLING 4 


- a 





under max. output loading. Output 


voltage capabilities are (a) +3. volts 
into 2.2 K load: (b) 6 volts into 5 K 
load (4 47.5 volts open circuit 
Output linearity is better than 0.2) per 
cent even for condition (a brequen 

response is down 3 dl t 20 per cent 


ot carrier trequencys Zero suppression 


circuit can suppress from 0 to LOO per 
cent of transducer load. Power require 
ments: 115 volts. 50-400 eveles LPpPron 
30 w. Sanborn Co.. Industrial D 
Wyman St.. Waltham 54. Mass 

Circle N 573, Reader Inquiry Service Card 
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ELECTRONIC TACHOMETER 
FROM 0.1 TO 10,000 RPM 


Versatile electronic tachometer meas 
ures speeds trom () te (00) 


] 
fiir ' t th 


and features cura v1 


specih ful - t range ele 


Radial lines 








| rop j uv () sts | ‘ 
) An ele ) lete . ‘ 
I -ts " i thor ! i rue 
ead meter. toerti | break 
te jue are vy igible 
kK \ I 4 | > } V 4 } + p Tr n« re ire ist j sf... uh 
cle day or! ht, dark o1 jetecti ‘ it ind powe py 
light, near or far up or down, fast ¢ slow nd the omplete j } we . 
small durable alur t ise. South 
HOW'S IT POSSIBLE? We've simply exp 1 the ful p y ee Industrial Ele ea 
C C nal sc comple t mass 2831 Post Oak Rd. P.O. Box 1305 
‘ yn-essential, impos y-read d Houston 19. Tex 
z y Circle N 574, Reader Inquiry Serv Card 


WHICH MEANS? Accuracy to 0.3 of center-scale value. And on page 


APPLICATIONS? Whether aground or aloft, ther Beckman MAGNETIC CORE BUFFER 
Expanded Scale AC or DC Voltmeter to meet STORAGE UNIT 


your voltage measuring 1 rements. Eight a a A at iM 
l, c mod SI }2¢ } p sizes and rar for ( B 602 OOK 6 : 
panel inst tions in ground systen aircraft and ipacity of LOOO bits of inforr 
ipment i ersatil nemo! for the storage { 
oh-speed hove 20 S 


MORE INFORMATION ? Yours for the asking... onstruction is modula sae 


61 > 4 


write for data file 34J. esser storage macity are 





al-l a 
( E nl nts, Ir ve is retaine ef , 
Er neering repre nitative event ’ er 3 | ST! 
in principal cities ay doe nected | to 
hile t | iti cit ait wi) 
its ri i! in co the é 
Clal input and ty i} f 
i ip to 25. series ords of Q par el 
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(THE MOST ADVANCED CONCEPT IN SILICON RECTIFIERS — 













HIGH CURRENT SILICON 
JUNCTION RECTIFIER! 


To 100 amps 
@ 600 P.1.V. 





@ High Power Rating — for power supply 
applications to 400 amperes at 350 volts 
peak inverse. To 5,000 amperes in stacked 
combinations. 

e High Efficiency — up to 99 %., depending 
on application. 

e Excellent Regulation — forward drop of 
less than 1 volt per cell. 

@ Reliability—operates from —65°C to 
150°C without derating. 

e Lowest Reverse Leakage — in microam- 
peres at rated peak inverse. 


To 250 amps 
@ 600 P.1.V. 


CORPORATION 





55 Honeck Street, Englewood, N. J. * LO 7-0395 
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Electrons’ 18 amp 
thyratrons reliably 
power Syntron 


Vibratory Conveyors. 
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bits; 50 series words of 20 paralle 
bits). 

Furth r versatility of data output 
may be realized by external connectio1 
of drive signals so that each shift reg 
ister may be advanced independently, 
in any combination with other registers, 
or in groups simultaneously. 

The CB-602/1000 is constructed for 
standard 19 in. rack mounting, wit! 
power supply included. A hinged front 
panel permits easy access to compo 
nents. Epsco, Inc., Components Diy 
108 Cummington St., Boston 15, Mass 
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DIGITAL VOLTMETER 


Electronic digital voltmeter mode 
EDR works on a time modulatior 
principle whereby a_ linear sawtootl 
or sweep voltage is generated This 
voltage increases linearly as a functior 
of time. The input voltage to be me 
ured is compared to the sawtooth i 
a comparator circuit. When coin 
dence occurs between the sawtooth 
and input d-c voltage a time delayed 
pulse is generated. This time delay is 
proportional to the magnitude of the 
input d-c voltage. 

Time demodulation is acco 
by counting pulse outputs of 
oscillator which have been gated fron 
the time the sawtooth starts until the 
time delayed pulse has occurred 

The EDR with an accuracy of 0.0] 
per cent has 4digit visual readout and 
an encoding rate of 98 per second. In 
the EDV models with 3-digit visual 
readout and accuracy of 0.05 per cent 


encoding rates are 98 readings per 





Design Shortcut for 
Holding Magnets 


Richard A. Scholten, Senior Design Engineer, The 

Indiana Steel Products Company, describes a 

fast design method that eliminates complex e 
Magnet dimensions are obtained ~, 
by a simple, three-step procedure using 


math. 


basic performance data. 


In this unique method for designing 
holding magnets, all the hard work 
is done with graphs. It requires 
mathematics no more difficult than 
cubing a number, then taking its 
square root. 

A comparison of configurations is 
the key to the method. In most cases 
any magnet design can be used to 
predict the performance of any 
other magnet of the same material 
and geometric shape—regardless of 
size. 

Only three factors are needed for 
design: desired pull, air gap and 
geometric shape. If air gap and each 
magnet dimension are multiplied by 
the same factor K, the new system 
will be geometrically similar and 
the pull force will vary directly as 
the area of the magnet pole face. 

Material to be used must be con- 
sidered first. For a discussion of 
magnet material selection, see Ap- 
plied Magnetics, October-December, 
1957. Information on four of the 24 
designs analyzed is shown here: 
Design 5, using an Indox I ceramic 
magnet; Design 10, using Indox V; 
and Designs 13 and 20, using cast 
Alnico V magnets. The four designs 
are illustrated in Fig. 1. 


FIG. 1. Four of the basic designs for holding 
magnets. From these designs other holding mag- 
nets, geometrically similar but with any desired 
pull force, can be derived. Magnetic material 
is in black, steel in gray; all dimensions are in 
inches. Design numbers correspond to those on 


effectiveness curves and in Performance Table Il. 
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Effectiveness curves, Fig. 2, are 
plotted in terms of pull effectiveness 
E vs reach factor G/\VP (Table I). 
A magnet with high pull effective- 
ness has high pull for low magnetic 
material weight W. 

Pull effectiveness E (=PG/W) 
remains constant between any two 
geometrically similar magnetic sys- 
tems because P is proportional to 
the ratio factor K- (face area), G is 
proportional to factor K (length of 
magnet) and PG is proportional to 
volume or weight. This is significant 
because P and G are known or spec- 
ified for a new design, and a cal- 
culation of W can be made from 
PG/W. 

Reach factor G/VP measures G 
for a specified pull. P is proportional 
to area; therefore, VP, like G, is pro- 
portional to linear dimensions. Re- 
sult is a constant reach-factor value 
for all geometrically similar mag- 
nets. Thus, the same curves — effec- 
tiveness vs reach factor — can be 
used for any magnets similar to the 
four design examples, regardless of 
size. 

Zero-gap effectiveness E. has a 
different value than for a magnet 
with an air gap, because in this case 


G is zero. e 


TABLE I — Nomenclature 


G Air gap, measured from closest point 
of magnet assembly to armature, in. 


P Pull, lb. 


W Weight of magnetic material in basic 
design, lb. 





THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 


WORLD'S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 
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FIG. 2. EFFECTIVENESS CURVES 


Indox | (non-oriented) — Design 5 
Indox V (oriented) — Design 10 
Alnico V (cast) — Designs 13 and 20 


HOW TO USE THE METHOD 


EXAMPLE: A holding mognet, air-gap type, is re- 
quired to produce a 10-Ib pull at 0.05-in. gop 
Reach factor G \/P is 0.05/\/10—0.0158. In the 
effectiveness curves shown, Design 10 has the high- 
est effectiveness ot this reach factor. From the curve, 
E 2.7. If this shape is adaptable to the applice- 
tion, the weight of magnet material required is 
PG 2.7 10 x 0.05/2.7 0.185 Ib. Design 10 in 
Performance Table uses 0.27 Ib of material, so each 
linear dimension of Design 10 is multiplied by 
K W0.1850.27 0.88 to establish new magnet 
dimensions 


TABLE - — 









































Pertormance of Four Bamc Holding-Magnet Designs 
— oni T nes aid 
Magnetic Material | Indox ndox Alaice ¥ 
- ————_ —~--+ > : —+ ~— —_—— 
Design Number 5 10 13 20 
5 | Magnetic | Acwolwr 10.27 | 0.27 | 0.27 | 0.27 
. L. ieee asieasianendieiaeeind 
1 ol min | 0.01 | 0.15 | 0.01 | 0.002 
s+ _ ——} + decane al 
> | Magnet Assy. Wt 0.55 | 0.53 _ 0.72 
— $$$} —__} 
0.00 77 | 2 19 60 
0.002 ee — _ 
Sr ee 
Pull 0.005 9 | — — 4) 
0.010 25 - 12.0 32 
for 0.02 120 | 176 97 22 
Air Ga S } 004 | 60 45 | 72 12.0 
eee 
0.08 2.9 11.0 5.2 6.0 
We To TaleT 
Own, - | O15 — | 75 | 31 24 
>. $$ ——_ py —_—_ 4 ——__ 4 
03 ~ 3.2 13 | «08 
06 - 0.8 0.4 _ 


A complete reprint of “Short Cut 
for Holding-Magnet Design” appears 
in the October-December, 1957, 
Applied Magnetics. The article cov- 
ers the 24 basic designs of holding 
magnets in all magnetic materials, 
and discusses material selection con- 
siderations in detail. Write for your 
free copy . Dept. B-3. 
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ROTARY SWITCHES? 


see 











ESCO standard components 
are assembled to meet 
your requirements. 


A deviation from one of our standard 
switch assemblies will give you a special 
switch at a standard-switch cost 

Over 90% of our production is special 
ine in one way or another. 
operated 





je 


These standard switches can be 

modified to fit your application 
Type A — up to 8 positions, 7 sections 
maximum, detent mechanism, rating 5 
amp. 125 volts a-c/30 volts d-c 
Type AF up to 8 positions, 6 sec- 
tions maximum, detent action, rating 
with resistive load 5 amp. at 28 volts 
d-c or 115 volts 400 cps, per MIL- 
S-6807 
Type P — Multi-section, up to 4 posi 
tions, snap-action, rating 10 amp. 125 
volts a-c, 5 amp. 125 volts d-c, 30, 60, 
100, 200 amp. 500 volts a-c, or 250 
volts d-c. Can be assembled to meet 
Specification MIL-S-15291. 
Type JR — up to 8 positions, 30 sec- 
tions maximum, detent action, rating 10 
amp. 125 volts a-c, 5 amp. 125 volts d-c 
Type JD-JS — up to 8 positions, 5 sec 
tions maximum, detent action or snap 
iction, rating 30 amp. 230 volts a-c 
Type HT — up to 16 positions, 10 sec- 
tions maximum, detent action, rating 5 
amp. 125 volts a-c 
Geared-Pair Type HT — up to 16 posi 
tions, 20 sections maximum, detent ac 
tion, rating 5 amp. 125 volts a-c. A 
single knob controls two Type HT 
switches assembled with a gear mech- 
anism 
Navy Switches — to MIL-S-15291 and 
Bureau of Ships drawings 9000-S6202 
73075, 73826, 73827, 73295, 74422, and 
others. 


TYPE JS-JD 


Write for data sheets on individual 
switches or complete new catalog on ESCO 
rotary multipole switches. Send us your 
wy) requirements and we'll give you full specifi- 

cations on the ESCO switch that meets 


a your need. 


ESCO of WEYMOUTH 


ELECTRO SWITCH CORPORATION 
Weymouth 88, Massachusetts 
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second and 980 per second in two 
models. Encoding rates are controllable 
from one per hour to maximum speed 

Encoding time is from 1 psec to 1] 
millisee full scale. Drift is less than 
-'¥ count over long periods of time 
All models offer choice of binary 1-2- 
1-8 or 1-2-4-2 codes or staircase volt- 
age in addition to gated frequency and 
pulse width outputs for data storage 
Sensitivity ranges from 0.1 volt to 1000 
volts and can be extended to 1 mv 
with use of external amplifiers. Serv 
onics Ine., 814-22 No. Henry St.. Alex 
andria, Va. 


Circle No. 576, Reader Inquiry Service Cards 
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LOW VOLTAGE 
TRANSISTORIZED POWER 
SUPPLY 


Model 810-A is rack-mounted. continu 
ously variable power supply delivering 
from 0 to 60 volts at 0 to 7.5 amp 
Measuring 19 in. wide by 7 in. high by 
14% in. deep. it is fullv transistorized 





and provides the high regulation at any 
output voltage of less than 0.05 volts 
output change from no load to the full 
7.5 amp 

\ low d-c internal impedance of less 
than 0.007 ohms makes the unit par- 
ticularly suited to uses in complex cir 
cuit problems. It has a ripple of 7 mv 
rms. Overload and short circuit protec- 
tion are provided by magnetically-oper 
ated circuit breakers. Harrison Labora- 
tories, Inc.. 45 Industrial Rd.. Berkeley 
Heights, N. J. 
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FULLY AUTOMATIC COIL 
WINDING MACHINE 


A fully automatic coil winder for air 
wound coils of 0.062 in. diam wire and 
heavier delivers complete coils with 
ends stripped and bent to desired 
orientation ready to be soldered in 
place. Designed for high production, 
machine features an unusual stripping 
head containing rotary carbide knives 
which remove Formvyar or similar coat- 
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h \\\' ReM Fractional HP 
L: Re-Rated Motors 





SPLIT PHASE 


‘= 


CAPACITOR START 


we 


PERMANENT 
SPLIT CAPACITOR 


a 


POLYPHASE 


MORE POWER...LESS WEIGHT AND SIZE! 

Think of the advantages these new motors offer your products! Many new XN 
. R&M Re-Rated Motors are less than half the weight of former designs. For 

example, the new R&M % hp, 1725 RPM single phase motor weighs 26 


pounds as compared to a former weight of 56 pounds. Performance, torque 









NEMA FRAMES 
56 and 48 








OPEN AND TOTALLY ENCLOSED 


and overload service factors are well within national standards. Lightness SLEEVE OR BALL BEARINGS 

° e ° RIGID. RESILIENT OR END MOUNTING 
and compactness have been accomplished by the selective use of lighter NEMA C FLANGE 
metals and more efficient double end ventilating. 2 ee ee 


Design versatility is an advantage too! R&M Re-Rated Motors in NEMA 
Frames 56 and 48 are available as complete “off the shelf” motors with 
a wide choice of mountings, bearings, mechanical and electrical character- 
istics in sizes from 1 to % hp. They’re also available as motor parts without 
end heads. Write for Bulletin 450-EM. 





Robbins & Myers build motors from 1/200 to 200 horsepower 


ROBBING € MYERS. nc. 


SPECIAL PURPOSE MOTORS 





SPRINGFIELD, OHIO BRANTFORD, ONTARIO Where production quantities justify, 
: Ss { 3 experienced R&M application engi- 
On ee ox - f * neers welcome the opportunity to 

¥ I & °° fs wiaeip 4 A} furnish a design best suited to your 

- 3 “S particular power requirements. 
® omovermm) © 
MOTORS FANS HOISTS MOYNO PUMPS PROPELLAIR FANS 
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New Precision ing to produce clean bright ends. 


One machine may be adjusted to 


Vi i N IA I U aa Q Zz E D* handle several different combination- 


ot wire sizes, number of turns, num 


POTENTIOMETER ter sitisir, 00 Gatgene i 


complished by setting calibrated 
a ee ese ee me nS ee eee ae ae a aT ene stops and a system of interchangeable 


MODEL 087, SIZE 9: Sub-miniature type featuring one parts. Safety features include automat 
piece, precision machined, aluminum housing with Class shut-off if machine fails to deliver a 
5 stainless steel ball bearings. Solid shell construction finished coil. 


improves sealing against moisture and assures l'ypical applications include coils for 
excellent mechanical interchangeability. Linear- 
ity accuracies to +0.3% are made possible by 
improved centering of the winding and accurate 
piloting—mechanical stacking inaccuracies are 


te nie 
, meter shunts. magnetic circuit breaker- 


and automotive voltage regulator- 
From 300 to 1800 coils per hour may 


virtually eliminated. be produced depending upon the 
amount of wire in the coil. Special 
ae, ye eos max —+ rag pier ngcociteedl ag + igi Products Div.. Halm Instrument Co 

, Ine Glen He ad. | | N. ¥ 


ADD 505 MAX. LENGTH FOR EACH ADDITIONAL CUP 
Circle No. 578, Reader Inquiry Service Card 
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*Small size 
and lightweight 4 es 


- || ‘SG ne ” eee HIGH STABILITY 
Ht D-C AMPLIFIER 


savings oT ees) a ae 
on ganged til Chopper stabilized Model 512 feature- 


Les 
aaa 
aT a+ 


i — Chee j 
assemblies ses 97 MAX low drift of 2 pvolts and low noise 
PERPENDICULARITY WITHIN OO! PER INCH RADIUS GANGING RING - ¢ 
level of 5 pvolts. The amplifier init 


- : . ° . - cou led two the one hannel wwer 
Standard Precision Potentiometers available in miniature, sub- | | 


miniature and multi-gang types for every application requirement 
For complete engineering data, call or write for new Rattray catalog. 


GEORGE RATTRAY & COMPANY 


A Division of Hardwick, Hindle ® Inc 
116-08 MYRTLE AVENUE, RICHMOND HILL 18, N.Y. 


beth having their own’ chassis 


economy and convenience in- multt- 
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Better Coils begin with 
PARAFORMED PAPER TUBES 


FLAT SIDE WALLS 





( 
= SMALL \ = 
OUTSIDE 
SQUARE 
CORNER 
— RADIUS 
CORNERS 
channel operation. This configuration 
illows i single powe! supply to he 


No sharp outside edges to cut wire 


No need for wedges to tighten wire ised with 6 channels of amplification 


Permits winding coils to closer tolerances ina single 19 in. rack 
Allows faster stacking of wound coils Input impedance 100,000 ohms 
Has full rigidity and physical strength linearity, better than 0.1 per cent; 
ANY SIZE—SQUARE OR RECTANGULAR - STeCREY response d-e to LO ke vain 
PARAFORMED paper tubes simplify coil wind- candela aden with single 
channel power unit. 6-'5 in. high 2 


ing operations and speed production, yet cost no 

more. In the exclusive PAKAFORM method of 48 

tube making, no artificial heat or pressure is used strument Co, Ine.. Cumberland, Md 
Paraforming takes place at the time of spiral Circle No. 579, Reader Inquiry Service Card 

winding. Hi-Dielectric. Hi-Strength. Kraft, Fish SPIRAL WOUND j Ke anager EY 

Paper, Acetate, Red Rope or any combination Not Die Formed & 4 

wound on automatic machines. Produced from 


stock arbors or special sizes engineere / jor you UNIVERSAL BRIDGE 


in. Wide 19 in deep \lleghany hh 





Can also be supplied in regular or with slight bow. Write on company 
letterhead for The new Wayne Kerr universal bridge. 
PARAMOU NT STOCK type B 22] is a highly accurate trans- 
PAPER TUBE CORP. ARBOR LIST former ratio arm bridge that provides 
612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA of over 2000 sizes facilities for 2. 3 or 4-terminal meas- 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 urements of impedance or transfer 
admittance at an operating frequency 
254 Circle 250 on page 17 Lhe ‘ WA EAC iC 
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COMPARE 
AIRLINES 
AND YOU'LL 
UNITED AIR FREIGHT! 


















UNITED Coast-to-Coast Coast-to-Coast 
AIR LINES Airline “B”’ Airline “C” Airline “D” Airline “E” 
Cargo-passenger) all-cargo) (cargo-passenger) all-cargo) (cargo-passenger) 
















Maximum speed 365 mph 300 mph 365 mph 331 mph 331 mph 








Yes No No No No 


Unlimited reservations 














Airports served directly 69 14 61 11 46 


All-radar fleet 


BEFORE YOU SHIP, COMPARE UNITED with other major 


air carriers. You'll find that no airline is faster. None 





] 


equals United’s 69-airport coverage. You'll note that 
only United offers you unlimited reservations — guaran- 
teed space aboard 832 cargo and passenger flights. And 
United is the only coast-to-coast airline with radar on 


every plane for more on-time dependability. 


There are other “extra”? advantages in doing busi- 
ness with United. Fast, door-to-door pickup and delivery. UNITED 
Interline connections that give you one-plane service to 
more than 2000 communities. Friendly, personalized 
follow-through on your shipments. But the best way to 
compare these extras is to ship United and see. F 
Air Freight booklet, call the nearest ted Air Lines Representative or write 
U 


>argo Sales Division, United Air Lines, 36 South Wabash Ave., Chicago 3, Illinois 


IT COSTS NO MORE FOR EXTRA DEPENDABILITY—ON UNITED, THE RADAR LINE 
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for high reliability applications 


ae 













a 


icJO,monEL 3 Radiohm » 
Y% watt sub-miniature 


variable resistor 





of 1592 eps (10,000 radians per sec.) 

Ranges covered are: capacitance 
0.0002 uuf to Ll uf + 0.25 per cent 

0.0002 uuf in 7 ranges; conductance 

10-' to 10 mhos (10 ohms to 100 
megohms) = 0.25 per cent, 2 0.0002 
umhos in 7 ranges; inductance —1 ml 
to infinity in 7 ranges. 

Three terminal measurements make 
it possible to measure an impedance 
between two terminals regardless ol 
the presence of other impedances from 
either or both terminals and a_ third 
point. This permits test of a compo 
nent wired in a chassis. Two decade- 


and i continuously variable control 


indicate independently — resistive ind 
reactive terms to tour significant hg 
ires. A mechanism automatically dis 
plays thie eyphers decimals and unit- 


of measurement and gives direct digita 


reading 


The instrument is housed in a port 
ible case size 17 x 7 x Il's 
ind weighs 25 Ib. A low impedances 
adapter is available and provides a: 


additional four ranges. Instrument Div 
Robertshaw-Fulton Controls Co.. 2920 
No. Fourth St Philadelphia 33. Pa 
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FLOOR MODEL 
MICRO-PROJECTOR 


The Model 3 utilizes Centralab’s ICE* (Interfused Model A-F is re ectf-contained and self 
Composition Element) to provide exceptional heat supporting unit of modern, compact 
dissipation and electrical stability under the most design and will be 
severe operating conditions. It is recommended for 
high temperature operation in both military and acm of ; It 
commercial equipment : ee, ee ee ae ae ee 


found particularly 
useful alongside of machine tools or 


e Will meet MIL-R-94B resistance change require 
ments under twice its rated load 


™. e Meets or exceeds MIL-R-94B requirements for 
canine i Ne moisture resistance, insulation resistance, ther- 
5. on mal cycling, etc 
SIZE + / . 
0, e~ e Completely enclosed case can be sealed or potted. 
“4 
eas leit ae or 7 95 . 
iiss. Missal Wanita Resistance range: 200 ohms to 2.5 megohms, 
eRe areca linear taper and 5000 ohms to 2.5 megohms 
ths -euriche of tines 10°;, log audio taper 
units in stock. Ask him oe a iS : . . 
ea Sc ae Write for Technical Bulletin EP-63 containing de- 
controls—as listed in tailed specifications or contact your Centralab repre- 
Catalog 30 sentative. 





FI a al ee A DIVISION OF GLOBE-UNION, INC. 
- 2 A rs Vf 962C £. KEEFE AVE. « MILWAUKEE 1, WIS. 


In Canada: 804 Mt. Pleasant Rd. * Toronto, Ontario 


VARIABLE RESISTORS @ PACKAGED ELECTRONIC CIRCUITS @ ELECTRONIC SWITCHES 
CERAMIC CAPACITORS e ENGINEERED CERAMICS e SEMI-CONDUCTOR PRODUCTS 
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THROUGH THE TINNING LINE, sti ‘ up wo 58" wile ta 0125 t 1000 feet 
Big new sheet tinning line drawing 178,000 amperes 
is served by this compact Copper Bus installation 
( ( 1S 
D. A eae ent of Riggs Dist 
( Ba 
\1 ; +} 
\ I ( 
\ ( | cg 
) hei = ¥ a ( ape . 
¥ — Tit f ¢ 
bs TECHNICAL SERVICES. Ani ecialists are 
ble to help solve technical problems i Iving the 
use of Anacon t Bus Conductors. For such assist- 
ance or a copy of the 62-] ige Publicati C-25 
“Anaconda ( ypper for Electrical Conductors rite 


The American Brass Company, Waterbury 20, Com 





A VIEW IN THE BUS CONDUCTOR ROOM, sliowing ventilated square tubes 
ind flat bars. Sizes of tubes used f 1 4" squar 
COPPER CONDUCTORS by up to 22’ 1” long. Rectangular bus 16” and 4 
n to OO 
Made by the American Brass Company ° = 


THERE’S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


VENTILATED 
WIRE & ROD ao 
by ROUND TUBES SQUARE TUBES SQUARE TUBES CHANNELS 
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NEW 
CLUTCH 


MODEL GS 


TORQUE ets 
Peron 


PLUG IN ELECTRICAL CONNECTIONS 
(No slip-rings, no brushes) 





oy — up to 41% on space 

av — up to 33% on installed cost 
Here’s a new concept in electro-magnetic clutches that add an 
even greater range of application to the already comprehensive 
Stearns line of over 100 standard clutch and clutch-brake com- 
binations. Stearns can serve your needs on equipment ranging 


from business machines to ball mills — and larger . . . will also 
custom-design units to your specific requirements. 


For complete data on the new 
“GS” line, call your local Stearns 
representative ... or write for 
Bulletin 503E. 






BRAKES 
: S00 ee 2% 


ELECTRIC CORPORATION 


120 NORTH BROADWAY ¢ MILWAUKEE 2, WISCONSIN 
5 CLUTCHES 
‘scorn SSS 
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can be used to inspect electrical and 
electronic parts. 

Every detail for maximum comfort 
and efficiency has been considered, in 
cluding convenient height, inclined 
screen, toe space and a pleasing grey 
hammertone finish for repelling dust 
and dirt. As optional equipment and 
without adding to the required floo 
space, a shelf is available to hold spare 
screens or charts and for the laying 
aside of small parts. 

The floor model is available in ¢ 
selective magnifications and _ witl 
choice of 3 different measuring stages 
centers, surface illumination, protractor 
as well as measuring screens. Opt 
Metric Tools, Inc., 137 Varick St 
New York 13. N. Y. 


Circle No. 581, Reader Inquiry Service Cards 
on page 17 


ENVIRONMENTAL TESTING 
MACHINE 


Environmental test machine model Sl 
10-8-HC is adjustable from -50 to 20} 
F and will maintain a relative humid 
ity of 95 per cent = > per cent betwee 
80 and 160 F. The humidity eleme 


is supplied by a. distilled water-a 


a = 
v 


“9 


i 
5 
i 






pressure reservoir, controlled by 
solenoid valve. Temperature and hu 
midity control is provided by a Brow: 
two-pen wet and dry bulb recording 
controller 

Model SU-40-8-HC has a clear 


ing area 24 in. high by 24 in. wide 


WOTK 


by 19 in. deep. Air circulation and 
heat are provided by a fan coil and 
blower assembly on the back wall 
Chamber is 14 gauge stainless steel 
ball corner construction, with full ac- 
cess to the chamber area provided by 
a front-opening door 

The single-stage refrigeration sy- 
tem is equipped with a 1 hp hermetic 
motor compresso!l whi h operates on 
230 volts, 60 cycle, single-phase. <A 
lifetime red light located above the 
recording controller goes out in event 
of a power failure. Overall dimensions 


are 63 in. high, 32 in. wide and 32 in. 
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Are you getting what you want... 


in appliance timer switches ? 


check this list... 


Do you need more circuits to control more You can get the right answers to your ques- 
operations ? tions from the company which pioneered 
Do you need a source with fast, economi- appliance timer switches fifteen years ago, 
cal adaptability for your model changes? which has been responsible for major timer 
Would split-second interval timing meet developments . . . and which has set the 
your requirements more effectively than standard of quality, reliability and economy 
the control you're using now? for the industry. Write us today for a con- 
Would you like to have custom-made sultation on your specific appliance time- 
exclusive features ? cycle control problems. 
Would you welcome research and design 
assistance in long range development ELECTRONIC TIMERS COMPANY 

ee 
— WARSAW, NEW YORK 
Would your appliance operate more satis- 
factorily with variable cycle timing? A Division of 


On your combination washer-dryer, ate a 


would you prefer a single timer switch OWE ae ee 
instead of separate timers? 


ALLOR 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


| 
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Another commutator problem 


solved with NZ aLLoy 


Zr-Cu* 
... the motor that vibrates in concrete 


deep Caneimnats 


Sub-Zero 


Produ t- 


3932 Reading Rd.. Cincinnati 29, Ohio 
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2 KW ULTRASONIC 


CLEANER 
1 2 kw 


develope d 


blind hole 


ultrasonic 
ior sm 


washing 


cleaner 
all 


removal 


part 


ice Card 


has beer 


cleaning 


of radio 


active contamination 


printed circu 


and other difficult’ eleaning 
operations 


cleaning 


commutator normal 


operating temperatures, 


up to 500°F 


electron nerator delivers 


motor speeds, 


up to 16,000 rpm 


vibration frequency, from 


12,000 to 14,000 vpm 


KW of power to magnetostrictive tran- 


the 


ducers into 
tank. Dimensions of the 
tank are 9 in. x 14 in. x 13 in. deey 


holds liquid Water 


the transducers 


welded bottom of the 


steel 


stainless 


*. 
A universal motor is sealed in this vibrator head 
Immersed in freshly-poured concrete, the ultra 
high frequency of the motor-in-the-head compacts a product of 

and eliminates pockets. Nippert-built N-4 Master Vibrator Co 
Alloy commutators conquer ig conditions Motor by lo 


where commutators of ordinary mater Robbins & Myers, In 


gal of 
nickel 


‘ le ining 


ind it 
1-Man" vibrator 
cooling of 
the solutions i} 
10 | 


accidental 


lows ise ot 


alr 
eruellir \ water flow switch prevent- 


operation without 


eooin 


water flowing Also provided Is 


[ap 
min timer which shuts off the generato 
time \ 


by-passir 


Strength at elevated temperatures for high-speed operation 


it a predetermined switch 


increased equipment life under severe conditions of vibration and 
shock! Nippert Electric offers these and other benefits in N-4 Alloy 


(copper with zirconium added). 


provided for x the timer 
permit continuous operation 

Phe 
Especially developed to raise the level of commutator perform- ing tank are 
mounted = (as 


venerator and ultrasonik 


available either 
above or 


cabinets Al 


Industrial 


ance, N-4 Alloy opens new avenues to designers for use in electrical shown 


matching bench type 
Instruments. Inc 17 
Little Ferry, N. J 
Circle No 583, Reader Inquiry Service Card 
on page 17 


conductors where extreme heat. speed or vibration are factors. N-1 


maintains stability at prolonged operating temperatures as high as 


750° F and short-time exposures at 930° F. 


Commutators of N-} Alloy are insuring dependability in appli- 
cations such as aircraft motors and inverters. routers, hand saws and 
vibrators. No failure has been reported of any N-4 Alloy in commu 


tor 


service NEW MODEL 260 VOLT- 
\-4 Alloy is available in Nippert Commutators and Slip Rings. OHM-MILLIAMMETER 


in commutator bar stock. and in shapes to your specifications. Send \ 


260 volt-ohm-milliar 
lil ha- 
afford 


SeONSITIN 


new model 


mete esignatec as Series 
ai ia neter designated a erie 
changes which 


many design 


quicker 


itv. higher 


us your application specifications. 
iaai 


3°. 24 .oe 


operation, increased 


aceuracy, and greater de 
pendability. 

polarity 
lead 


taster 


features 
that 
spread-out 


Among its are a 


reversing switch eliminates 


ELECTRIC PRODUCTS CO. 


1759 W. Mound St. * BRoadway 4-1116 | readings: 
Columbus 23, Ohio | A 50 


reversal; scales for 
. COMMUTATOR | “d F | . 
SLIP RINGS eectaara tn and a rugged printed circuit 


DRAWN COPPER SHAPES 


THER 


yamp. 250 mv range gives com 
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SPECIAL 


five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 914” dia., and weighs only 115 Ibs. 


Admittedly, this is a special motor. It is aiso typical of ESCO’s 
unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a El in Sweet's Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 


EEG ic (SPECIALTY Co. 


ty “2 171 South Street, Stamford, Conn 
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P«B PROGRESS/ 


Dis BM ee LATCHING RELAY 


NOW! TWO-COIL PERFORMANCE 
AT SINGLE COIL COST! 


This new series, the PC, is an ingenious impulse latching relay which employs a 
single coil and armature to activate an insulated rocker arm. Switching is positive, 
fast (30 milliseconds). 

Its low cost, dependability and versatility make it ideal for a wide range of uses. 
For example, two leading TV set manufacturers use the PC in their remote control 
circuits as an “‘off-on’’ switch. It is also used by a maker of automatic garage doors 
Conveying systems, automatic processing equipment, flow controls—the PC is 
right for these applications and many more. 

Contact arrangements are available up to 4 Form C (4PDT), and the snap-action 


contacts are rated 5 amps. at 115 V. AC resistive. The relay may be ordered open, 
as shown, or in a metal dust cover. 


Write or wire today for complete information. 





“a. 
r 


SAN 


x 


= 25/4” —%" DIA. (2) HOLES 4 
— 23%” “| 


2%" MAXIMUM WIDTH 


PC SERIES ENGINEERING DATA 


GENERAL: Description: Single coil, impulse latching relay. 
Insulating Material: Laminated Phenolic. 
Insulation Resistance: 1500 megs. min. 
Breakdown Voltage: 500 V. RMS. jlete current coverage in 6 steps. DBM 
Ambient Temperature: —55° C. to +85° C. 
Weight: 5 ozs. (open) 
Pull-In: DC, 75% f er 
AC, 78% or nominal voltage. 
Operate: 30 MS. 
Terminals: Pierced Solder Lugs 60) | fil] wert 
Coil: Two #20 AWG Wires ore Bere earn a ene ae 
Contacts: One #20 AWG Wire cufier system and a rearranged 
Enclosures: A’ Can. . lor easier access to components. 


n Nn lectric ) 200-18 l 
CONTACTS: Arrangements: 4 Form C. max. (4PDT) a ae oe v 
Material: Ye” dia. Silver Cadmium oxide gold flashed. 
Load: 5 amp. @ 115 V. AC resistive. 
Pressure: 20 grms. min. 


COIL: Resistance: .016 to 34,500 max. 
Power: DC, 9 watts. 


Fi ek eae ahinnainal vies. SQUARE WAVE GENERATOR 


Duty: Intermittont. Model 205 variable amplitude 


Insulation: Cellulose acetate wrap; varnish impregnated (open). coupled 


direct 
square wave generator finds 
MOUNTINGS: Two %42” dia. holes on 25%” center. ise as a modulator of signal generator 
ube amplifier. It 


can also be used as a signal generator 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, 
ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


Potter & Buundield, ine. 


PRINCETON, INDIANA 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 


for low and medium power transistors 


Mail the coupon below for further engineering data on P&B's new PC Series 
relays plus new compact catalog of standard type relays. If you need answers 
to a specific application problem, write in detail. 


Potter & Brumfield, inc., Princeton, Indiana 
Attn: T. B. White, Brig. Gen. USMC (Ret.) 


and is useful for measuring amplitude 
Special Projects Engineer = 


distortion of broad band d-c ampli- 
Please send me complete data on the new PC Series relays, 


plus the new compact catalog of P&B standard relays. 


hers. 
Specifications are: frequency-—1000 


cps 15 per cent; squareness +15 per 
Nome 





cent (symmetry); amplitude—O to 60 


einen volts peak to peak direct coupled, posi- 





tive ground, 0.4 psec rise, 5 per cent 

iia overshoot, 5 ysec fall; impedance—O 

to 5 k ohms dependent on output level; 

City Zone___ State frequency stability +0.2 per cent after 
See our catalog in Sweet's Product Design File 15 minutes warmup. 

Design features, which include an 

output impedance of approximately 0 
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to 60 volts peak to peak enable on: 
= 4 to achieve appro atel 100 at 10 
Transistors Subjected to Heat, _ ep lly agracmarsoadgail eat 
aa at 50 ohms. The device is designed for 

{i ITH aA) continuous operation and several units 


have been operating 24 hours a da 
for the last year without failure. D 
( Brocker Laboratories, P.O. Box 
967. Sunnyvale, Calif. 



























... in this Cincinnati 
Sub-Zero Environ - 
mental Test Unit. 


Custom-built to specifications, 
a new model SU-40-8-HC Cin- 
cinnati Sub-Zero test unit is 


Circle No. 585, Reader Inquiry Service Cards 
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INFRARED OVENS HEAT 
TEFLON RAPIDLY 































Quartz lamp infrared ovens are short al 
providing vital product data at 7 | 
Federal Telecommunications ening Teflon heating cycles to a matter 
Laboratories, Palo Alto, Cali- of seconds, and radiant ovens similar 
fornia. Used to test transistors to the one shown are being used to 
and other electronic compo- * 

















- y process Teflon on ¢ ible and other ey 
nents, it is adjustable from 


minus 50° to plus 200° F., while 
maintaining a relative humidity 
of 95% between plus 80° and 
160° F. Compact and portable, 
it is ideally suited for a variety 
of test applications Model SU-40-8-HC 


truded items. Small electrical items 












wrapped with Teflon) can also be 





sintered effectively 







Using quartz lamp intrared ovens 


sintering temperatures of 700 to 740 











lf you must have specific product reaction data at various temperatures, 
altitudes, humidities, etc., outline your requirements to us for a no-obligation 
recommendation on a unit built to your needs 


‘Cincinnati Sub-Zero Products 


General Offices and Plant: 
3930 W. 8 READING ROAD, CINCINNATI 29, OHIO 


Member Environmental Equipment Institute 









¥ 


Y ! pe 


Uolon 





























= degrees can be attained ir ippronxl 
fractional horsepower ee ha 
weight and shape of the product be 
. ing heated Radiant ovens des ened for 
Z o the sintering job Ist new linear 
shaped quartz lamps approximately 
Skeleton Types + Gear Types Sin. in diameter. Although lamp 
lengths vary according to the require 

< ments of a particular application 

ing is LOO watts per linear incl 


I 
shape 


eral 

























ise. Ovens can be batch type. equippe 
ov with doors. or open-end tor 
processing ind several electrical 
We specialize in custom | methods can be employed for accurate 
manufacturing all kinds ontrol ot product temperatures 
CUSTOM- of fhp motors. Whether Fostoria Pressed Steel Corp., Foster 
MANUFACTURED Ohi 
you need skeleton types Ho 
Mh aatai or gearmotors, standard Circle No. 586, Reader Inquiry Servic 
SPECIFICATIONS i ca alli 
or special, Molon can 
supply them fast and at 
low cost. Send for free DIRECT READING 
descriptive circulars GAUSSMETER 


sinh The GRH-gaussmeter is based on the 


r Hali-Effect. It utilizes the Hall-Probe 
M2 
olon Motor and Coil Corp. — vis very low temperature coefticien 
high Hall-Voltage and linear character 
2432 WEST GEORGE STREET CHICAGO 18, ILLINOIS istic. The instrument is mounted in a 
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Type XSO 
(square open) 


NATIONAL RETAINING RINGS are the economical, simple method of 
Save Space locating and positioning machined parts or bearings on shafts, pins 
or in housings. Each application results in substantial cost reduc- 


{ 


Reduce Weight tions as machining or grinding shaft stock to form shoulders is 
eliminated. National Rings simplify product design, save space and 

Save Materials weight. Rings are available in a wide range of finishes to meet 
specific requirements. 


ASK A NATIONAL ENGINEER for assistance on yo 

ring application —his experience includes service-proven applica- 

: tions on instruments, tools, engines, heavy machinery, toys... thou- 

Operations sands of products of metal, plastics and wood. Ask for complete 
S 


information on cost-reducing National Retaining Rings. 


Speed Assembly 


Reduce Production 


Standard rings 

in round, square an 
tangular types 

spring steel. Br y 
lium copper, stainless stee 
aluminum and special types 
custom designed to your 
exacting specifications 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY MILWAUKEE 2, WISCONSIN, U.S.A 
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DO YOU REQUIRE 


Precision High Production 


LAMINATION DIES? 


CLEVELAND TOOL and DIE COMPANY SOLVES 
YOUR PROBLEMS and meets your most exacting tool 


and die requirements. Cleveland Tool and Die Company 
has built individual dies which have produced millions of 
precision tolerance pieces without retooling. SEND FOR 
THIS FREE BROCHURE DESCRIBING OUR FACILITIES. 

























FREE Brochure 


Describes facilities avail- 
able. Send for your free 
copy today. No obligation, 
of course. 











Typical lamination die custom made 
at Cleveland Tool and Die Company. 
Dies like this, dies for powder metal- 
lurgy and other special purpose dies 
are made by skilled craftsmen using 
the most modern techniques and 
facilities. 












Here are just a few of the parts motor and 
appliance manufacturers from all over the 
country have made on lamination dies 
produced by Cleveland Too! and Die Co. 


CLIP and MAIL THIS COUPON TODAY 

























ee rae ae 
| | 
| The CLEVELAND TOOL and DIE Co. | 
| 1620 EDDY ROAD « CLEVELAND 12, OHIO 
| Please send me the free brochure describing the facilities of | 
CLEVELAND TOOL & DIE COMPANY. 
Name Title . | 
Company 
| Address . bac 
| | 
| | 
fo. See ee ee ee Se ] 
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ELECTRICAL 





sturdy oak case and is calibrated with 
an absolute accuracy of 1.5 per cent. 
The influence of temperature on the 
probe is lower than 0.05 per cent per 
one degree centigrade. 

Two standard models with equal sen- 
sitivity and accuracy, but with differ- 
ent d-c sources are available: Model A 
requires an external 1.2 to 1.5 volt d- 
battery, capable for about 100 ma con- 
stant current; Model B is equipped 
with a self-regulated d-c supply and is 
to be connected to 115 volts a-c. Both 
models have a built-in master magnet 
for re-calibration. 

Model A-1 and model B-1 ranges are 
from 0-1000, 2000, 5000, 10,000, 20.000 
gausses; model A-2 and model B-2 
ranges are 0-2000, 5000, 10,000, 20.000 
gausses. G. R. Hennig, 157 S. Morgan 
Blvd., Valparaiso, Ind. 
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Posteard return cards are provided 


on page 17 as a convenience to the 






reader in obtaining 








New Components and Materials 
Additional data from the supplier 
of any item reviewed 




















Literature for the Design 
Engineer 

A copy of any manufacturer's 
publication reviewed. 














Feature Article Reprints 
Single copies of selected feature 
articles, 





Advertised Products 
More information on any product 
or service described. 
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AT WAGNER ELECTRIC CORP., J-M QUINTERRA* TYPE 3 ELECTRICAL INSULATIONS ... 
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of conventional methods 
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rs. Improved 


increased by 


sses 


increase efficiency...improve space factor 


of 150 C rise 


ifacturer of industrial 
Electric Corpora- 
»., gains two ways by 
3 in its 150 C rise 
space factor is 
“spite the resulting high oper 
Quinterra 
Effi- 


eddy 


erat because 


ires 
its dielectric strength 
reducing 
because Quinterra can be 
erlaminate insulation instead 
Its evenness of 


i caliper, which is retained in 
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transformers 





Quinterra offers: 


Maintained dielectric strength exceed- 
even after extended 
to 300 C because its heat- 
highly purified asbestos base 


inherent 


ing 225 vpm 
exposure 
resistant, 


is an dielectric 


Moisture resistance—the silicone 
saturant, which enhances its dielectric, 
also makes Quinterra Type 3 relatively 
unaffected by moisture. 


JOHNS=-MANVILLE 


ELECTRICAL INSULATIONS MADE OF PURIFIED ASBESTOS 
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Quinterra Type 3 betweer il windings 











Resists corrosion, rust, rot, chemical 
fumes, solvents, acids and alkalies 
Dimensional stability in 


servi 





Ease of application. 


Wl 10t crack Or craze, 
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New 
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Literature 


for the 


Design Engineer 


All-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


SILICON AND SELENIUM RECTIFIERS 

Four-page bulletin 6.301-1 gives com- 
plete specifications and features of a 
line of high temperature and high allti- 
tude silicon rectifiers. Typical curves 
are included to show their perform 
ance characteristics. Bulletin 6.411 de 
scribes and gives specifications and 
typical circuits in which to use selenium 
milli-rectifiers. using Type AD cells: 
Bulletin 6.412 covers selenium milli 
rectifiers using Type BU cells. Fansteel 
Metallurgical Corp. 


Circle No. 621, Reader Inquiry Service Cards 
on page 17 


D-C CONTACTORS AND RELAYS 
Thirty-two page catalog GEA-662 co, 
ers general) purpose contactors and 
relays. mill-type contactors. time-delay 
contactors, timing. instantaneous-over 
load. thermal-overload. field-loss. field 
iwecelerating and decelerating. and high 
lrep-out relays. Selection and applic a 
tion data. product descriptions. and 
pertinent technical data are included 
General Electric Co 


Circle N 622, Reader Inquiry Service Cards 
on page 17 


HIGH TEMPERATURE CERAMIC MA- 
TERIALS——Bulletin 109 describes the 
four high temperature ceramic mate- 
rials now available for heat and wear 
resistant tooling and components: Sur 
Braze S-2 casting ceramic 
M120-F machining ceramic 
shock HT-2 heat shock resistant ce 


ramic. and Duralox 995 ~intered oxide 


Sur-Braze 


Thermo 


208 


ceramic. Duramic Products Div., Tech 
nion Design & Mfg. Co., Inc. 
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ELECTRIC MOTOR CONTROLS —Illus- 
trated 56-page Catalog 5800 makes 
electric motor control selection easy 
New “Quick Selector” tables giving 
horsepower, motor speed, heater size 
ind heater ampere ratings plus enclo 
“ure choices and prices are all con 
bined in an easy-to-read table. Also 
included are design data, stocking in 
formation and ordering instructions for 
magnetic starters and contactors, drum 
controllers. 


pressure switches, push 
huttons and other motor control de 
wes. Furnas Eleetric Co 
No. 623, Reader Inquiry Service Cards 
n pag 


TEFLON SHEETS, TAPES, LAMINATES 

Bulletin GST-58 gives mechanical 
electrical. and chemical properties of 
C-D-F glass-supported Teflon in sheets 
tapes. laminates. metal clads and fabri 
cated parts. The process of “integrat- 
ing” a glass-fabric base with an outer 
laver of Teflon is briefly outlined, with 
reference to the impregnation process 
The bulletin also gives widths. nominal 
thicknesses. and = thickness tolerances 
for standard and special grades of 
vlass-supported Teflon tapes and lami 
nates, Continental-Diamond Fibre Corp 
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SOLVING SPRING DESIGN PROBLEMS 

Twelve-page brochure “How to Solve 
Your Spring Design Problems,” effec- 
tively shows eight examples of typical 
spring design problems which were 
solved by early consultation with the 
manufacturer. The original concept for 
the component is contrasted with the 
re-designed unit, and the advantages of 
the latter design are briefly stated 
Associated Spring Corp. 
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RESISTORS, SWITCHES, DECADE 
BOXES, ATTENUATORS Condensed 
catalog 22A in capsule form and 
iliustrated, describes the major divi- 
sions of the company’s manufactured 
items. This includes audio and labora- 
tory amplifiers, audio attenuators. re 
sistance decade boxes, degaussers 
audio equalizers, power supplies, pre 
cision wire-wound resistors, instrument 
switches, and audio accessories. Cinema 
Engineering, Div. of Aerovox Corp 
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GLASS-BONDED MICA 
letin No. 101 covers all types of 
Mykroy. a glass-bonded mica, Thermica 
synthetic powdered mica and_ other 
types of new high frequency insulating 


Six-page bul 


materials for use in electric and eles 
tronic devices. The bulletin inelude- 
descriptions and complete technical 
data and properties of Mvykroy 38 
glass-bonded natural mica. Mykrov 38S 
vlass-bonded synthetic mica. which 
withstands operating temperatures to 
1000 F. and Thermica. a svnthetie mica 
available in powdered form. Electronix 


Mechanics. Ine. 
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HYDRAULIC TABLES AND ENGINEER- 
ING DATA bulletin No 
3300 contains hydraulic tables an 


other engineering data to aid hydrauli 


Forty-page 


engineers and designers. It describe- 
and illustrates the range of Hamilto: 
presses for such applications as pre 
ducing laminated plastics. die hobbing 
preforming and = plastics and = metal 
powder compacting. The bulletin fur 


nishes conversion tables. decimal equiv 


ilents. hydraulic ram capacities. wire 
ind sheet metal gauges. steel pip 
tables, bolt tables. specific gravitie- 
and strengths of materials. Hamilton 


Div... Baldwin-Lima-Hamilton Corp 
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NEMA TERMINOLOGY FOR SNAP- 
ACTING SWITCHES Standard defini 
tions for snap-acting switches recently 
adopted by NEMA are described and 
illustrated in the “NEMA Standards” 
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Take Advantage 
of these 


Superior Properties 





Electric Conductivity 
Flexibility 

Thermal Conductivity 
Weatherability 
Corrosion Resistance 
Ease of Fabrication 
Efficient Plating 
Lifetime Durability 
High Finish 

Lasting Beauty 


MARCH 1958 
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At today’s lowered copper prices you can NOW afford 
to use Copper and Brass wherever the benefits and 
properties of these metals are desirable. 


For the finest quality Copper, specify Hussey and be sure! 





c. G. HUSSEY & COMPANY 
( Division of Copper Range Co.) 


ROLLING MILLS & GENERAL OFFICES 
PITTSBURGH 19, PA. 
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PUT MORE SELL IN YOUR PRODUCT 
with Riverside-Alloy nickel silver 


Riverside-Alloy nickel silver can help you make a more 
saleable product in two ways. First, by giving it a lustrous, 
lasting, “‘clear-through” outside beauty that will never 
wear away. Second, by giving it astonishing /nner strength, 
with resistance to wear, corrosion and fatigue. 





Riverside-Alloy offers nickel silver in a complete range 
of alloys, tempers, and anneals that can be soft-soldered, 
silver brazed, and spot and arc welded with ease. 


Let Riverside-Alloy technicians work closely with your 
engineers to choose just the right alloy for your product 
and problera from a wide selection of strips, wires, and rods. 
For more details on applications, and the name of your 
nearest Riverside-Alloy representative, write, wire, or 
call Ri erside-Alloy Metal Division, H. K. Porte) Company, 
Inc., Riverside, N.J. 


Hi. K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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folder. An exploded view of a typical 
switch on the cover clearly identifies 
the basic parts and general construe- 
tion of snap-action switches. The inside 
pages use the snap-action mechanism t 
illustrate the NEMA definitions. Four 
drawings, showing an entire operating 
cycle, visually point-up the NEMA 
definitions given in the text. Hethering- 
ton, Inc. 
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PHOTODRAWINGS TO AID ENGINEER- 
ING VISUALIZATION “Photodraw- 
ings.” a 12-page illustrated booklet 
describes the modern technique of using 


photographs to convey engineering 
drawing information in an_ easy-to 
visualize form. The booklet discusses 
two different methods of preparing 
photodrawings. Included are sections 
on making the picture negative, equiy 
ment and materials needed, making the 
master photodrawing, direct process 
reproduction, halftone methods, con- 
tinuous tone methods, composite meth- 
ods. blueprint reproduction, and lithe 
graphic reproduction. Eastman Kodak 
Co. 
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PLASTIC FILM CAPACITORS \ 

plete product catalog covers poly 
stvrene, polyethylene Teflon and mylar 
dielectric capacitors, and a line of hi 
voltage packaged power supplies. In- 
cluded are electrical characteristic dat 
ind physical specifications of eve 
type in the line. Related part numbers 
ind list prices are also included. Fi 
Capacitors, In 
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POWDERED SINTERED METAL PART 
The manufacture and use of pow 
dered metal parts as reve iled by expe 
rience and comprehensive research is 
described in detail in “An Engineering 
Handbook on Powder Metallurgy.” 
Among the subjects diseussed and illus 
ited are “Sizing the Bore of Sintered 
Bearings.” “Good Design vs Poor De 
sign Practice.” “Secondary Machining 
Operations and Special Requirement-.” 
and “Specifications of Sintered Metals.” 
The Bunting Brass and Bronze Co 
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AXIAL FLOW FANS — four-page bulle 
tin No. 5703 entitled “Axial Flow Fans” 
includes a detailed enumeration of air 
craft. electronic, commercial and ma 
rine applications, providing actual and 
potential design ideas ine orporating this 
product Illustrations show the self 
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Need a“SPECIAL” TIMER 
...need a“‘STANDARD’? 


. Here’s why 
Delay WE can give you the 
Timers fastest service 














When you want a timer you wont one that f 
i your needs 100 and you want it fast. Get in touch 
with Industrial and yc aet both. Because 
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most promptly from Industria 
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So, for the utmost in all-round timer service, its 


Re-Cycling 


Industrial that offers you this outstandin 
Timers 


C 

deliveries “Immediate on Standards . . . First on Specials." 
Plus the experience of one of the foremost group 
of timer engineers in the nation. 


EE 2a cea) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 1411 McCARTER HIGHWAY, NEWARK 4, N_ J. 
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Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Instruments, Inc., 
Springdale, Conn., gives some ‘‘reasons why’ 


“Many of the gases examined by our infrared analyzers are 
flammable. We use Crouse-Hinds explosion-proof Condulets as 
a built-in feature of our highly sensitive instruments—to protect 
chemical and industrial plants, medical and experimental lab- 
oratories, and many other users, against explosions. 

“We have settled upon Crouse-Hinds explosion-proof Con- 
dulet equipment for many reasons: 

“First, of course, is the xniversal acceptance of explosion- 
proof Condulets by safety men everywhere. There is a large 
assortment of standard and special housings. We like the sim- 
plified construction which provides easy access and plenty of 
room for repairs and alterations. We know our customers like 
it, too.” 

There are more than 15,000 items listed 
in the Condulet Catalog: conduit fittings, 
plugs and receptacles, motor controls, 
lighting fixtures, switches, hundreds of 
others, both explosion-proof and conven- 
tional. Make your selections with confi- 


dence. You get the best when you get 
<S NATIONWIDE Condulets. 
/ DISTRIBUTION 


eicileneahy eel @ Our distributors have the facts. Or 
—— consult your telephone directory for 
A the nearest Crouse-Hinds Office. 


CROUSE-HINDS 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


Sales offices in principal cities 


CONDULETS FLOODLIGHTS TRAFFIC SIGNALS ° AIRPORT LIGHTING 


»)- 
-~é 


» 
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contained “package” design which pet 
mits smaller. lighter and stronger fan 
construction. Detailed specifications for 
the complete line are given in table 
form. Peseco Products Div Borg 
Warner Corp 
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PRECISION BALL BEARING YIELD \ 
i2-page booklet. “Ball Bearing Yield 
ind System Isoelasticity.” is designed 
to assist users in the application ot 
precision instrument bearings. It offers 
comprehensive background data on 
radial and axial play. axial take-up 
ind preloadirg. as well as isoelastic 
bearings and achievement of svstem 
isoelasticity. The Barden Corp. 
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FLUID FLOW RATE ALARMS fF lyid 
flow rate alarms for signaling or simple 
control functions are described in Bul 
letin 165. Both magnetic or electronic 
types are available for use with rota 
meters to meet any flow requirement 
Each features a fail-safe circuit design 
ind sufficient accuracy to detect 

little as a millimeter of metering fl 


movement. Brooks Rotameter Co 


Circle No. 636, Reader Inquiry Service Card 
m pag ? 


TAPE CONTROL SYSTEM FOR MA- 
CHINED PARTS Twelve-page illus 
trated catalog BR-1 describes new 
tape control system for controlling the 
production of machined parts. The ad 
vantages and economies resulting fron 
automating machine tools with this s 

tem are discussed, as well as a complete 
description of how the system works 
Controls Sect.. Bendix Aviation Cory 
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ETCHING PRINTED CIRCUITS § bull: 
tin No. 90 describes a new process f 
etching printed circuits with a solution 
of ammonium persulfate instead of fe: 
ric chloride. Preparation of the solu 
tion, processing instructions, after 
treatment, and disposal of the wast 
solution are fully outlined. Beeco Chen 
ical Div... Food Machinery and Chen 
ical Corp 
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DYNAMIC MEASURING INSTRUMENTS 

Thirty-two page catalog describes a 
line of more than 40 accelerometers 
high temperature strain gages and asso 
ciated electronic equipment. A series of 
engineering drawings. tables and 
graphs are employed to give specifica- 
tions and performance characteristics 
in terms of sensitivities. natural fre 
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ALUMINA 
CERAMICS 


EXCEL IN 
aa ee 1 
APPLICATIONS! 


Great Wear Resistance « Dimensional 


Accuracy + High Strength + Outstanding 


Performance at High Temperatures 


AlSiMag Alumina parts have exceptional tensile, com- 
pressive and flexural strengths . . . superior resistance 
to impact and thermal shock. A rare and important 
extra ... these ‘super ceramics’. maintain their ex- 
cellent physical and electrical properties in ambient 
temperatures in the 1000° F. range with relatively 
little ‘tapering off!’ Several AlSiMag Alumina com- 
positions are safe for operation at continuous tem- 
peratures well above 2500° F. 


Smooth, uniform surfaces. Precision tolerances. Flat- 
nesses within light bands are possible on many parts; 
so are faces parallel within .0005"’. Complete pro- 
duction facilities for speedy shipment in any quantity. 
Prototypes for test if you wish. 


The industry’s widest choice of special-purpose ce- 
ramic materials. Send blueprint or sketch with details 
of operation for complete data on the AlSiMag 
Alumina best suited for your purpose. 


RATE HIGH AS: Bearings * Communication Parts ¢ Com- 
pass and Gyroscope Parts © Cylinders © High Temperature 
Metalized Seals © Heliarc Welding Tips * High Speed 
Motor Parts © Instrument Parts © Jet Engine Parts ¢ Ma- 
chine Parts © Measurement Devices © Missile Parts @ 
Pistons © Pump Liners, Seals and Plungers * Radomes 
¢ Rollers © Rotary Seals * Welding Jigs 


inion main |: AMERICAN LAVA | ciatanoosca s. tenn. 
Manufacturing Company ' ‘ Cc oO Be 2 oO R A T i oO N 56TH YEAR OF CERAMIC LEADERSHIP 


For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. * Boston: Newton 

Center, Mass * Buffalo, N. Y. * Chicago, Ill. * Cincinnati, O. * Cleveland, O. * Dallas, Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, 

Calif. * New York: Ridgefield, N. J. * Philadelphia, Pa. * Pittsburgh, Pa. * St. Louis, Mo. * St. Paul, Minn. * So. San Francisco, Calif. * Seattle, Wash. 

Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ont. All other export: Minnesota Mining & Manufacturing Co., 
International Division, 99 Park Ave., New York, N. Y. 


VISIT OUR BOOTHS NOS. 3901, 3902, 3903 at IRE 
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EOF nTe ONO SSRN DENT TENS LEER SEED TARE ETA O NORTE ROTO ] quencies, acceleration and temperature 
i | ranges, along with the gage factors, re- 

sistances, drift rates, temperature 
ranges and card sizes of the strain 
gages. Columbia Research Laboratories. 
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PROPERTIES OF SILICONES AS DIELEC- 
TRICS — Twelve-page illustrated bro- 
chure No. 10-105 outlines the properties 


viatt | of silicones as dielectric materials. The 


Divistom brochure also discusses the use of sili- 
cone rubbers, fluids, resins, and com- 
pounds in applications ranging from 


electric motor insulation to intricate e 
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TIME DELAY RELAYS meee ve ‘a. 


DISTINCTIVE FEATURES: 
© SNAP ACTION to eliminate For Every Requirement 


chatter (Industrial or Military) 
* Single pole, double throw or 
either normally open or nor- 


PRINTED CIRCUIT CONNECTOR] I lus- 


trated bulletin Series 600-93 gives speci- 


Whether it’s a standard Curtiss-Wright thermal itn etic sitmanebeinn mani 


° ° > gen- 
mally closed contacts relay aged = parece ot ey _ eral information on the 600-93 printed 
i requires special custom design for your appli- pe oae . 
Se see = gine! on PP circuit connector. Featured are unusual 
(— 65° +125°C) cation, our engineers can provide it. Our design “Bell Neti Costesae” o 
© Pre-set time delay periods and production experience is at your disposal ee eee ee ee ne 
from 3 seconds to 5 minutes to solve any problem in time delay relays printed cireuit board thi kness of Me in. 
* Available in metal or glass en- to 1g in. with no distortion or stress. 
velope or dust tight cover Write Component Sales Department 


3 Electronic Sales Div., DeJur-Amsco 
9) Corp. 
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CUSTOM BUILT ELECTRICAL CONNEC- 
Circle 270 on page 17 : TORS--Two pieces of des riptive litera- 
ture are available describing custom 
built electrical connectors with molded- 
on one-piece construction. An illustrated 
brochure discusses eight points of su- 
periority of these connectors; a 12- 
month calendar with photograph shows 
approximately 200 of the custom mold- 







ings which have been produced in the 


past. Component Manufacturing Serv- 
TINNED ARMATURE BANDING WIRE. 
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—Stainless or Carbon Steel on page 17 
STAINLESS + The many superior qualities of INSTRUMENTS AND EQUIPMENT — 
pace Steinless Timed Armature Banding Wire Catalog No. 58 contains illustrations e 
have made it the choice of leading motor manu- and brief descriptions of 50 different ° 
facturers. PAGE superior tinning facilitates solder- cialis "las iealee Sindliedlis nenthaas saaiil 
ing. It has high tensile strength (200,000 psi and calibration instruments and_ fixtures 
up) for compactness...low permeability and high thet xenent in AGTY daleiation, Fot- 


resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


eral, military and other specifications. 
The instruments for testing are in the 
following fields: plastics, rubber. pa 


CARBON STEEL « Inexpensive tinned banding wire for per, cement and insulation, Custom 
lower-priced motors. Available in three grades: A, B, and C1. Scientific Instruments, Inc. 
The high strength of Cl is an advantage where light weight ee — 
must be achieved. 
All above wires shipped on 50-to150-pound reels CONDENSED REFERENCE FILE ON 
Wire or Write our Monessen, Pa., office for full information PLASTIC MATERIALS—The 1958 edi- 


tion of the “Condensed Reference File” 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 


describes in easy, readable terms the 
major families of plastics produced by 





the company. The 12-page illustrated 
booklet has thumb-indexes to aid in 
finding data on polyethylene, vinyls, 
styrenes, phenolics and epoxies. The 





974 Circle 271 on page 17 FLECTRICAL MANUFACTURING 








Vase WA BPN EEE PCs WIFE, VITUS, VIF Ui IRE 
Circle 269 on page 17 













































Le 


the lock washer 
Only Everlock has 


ahaa] date ye ee ay . exclusive wide chisel- 


edge face that bites 


e big differen (S | r a into screw head. 


. 
Everlock’s canted 
chisel-edge digs into 
work surface. 
ed 
_— = == — 

THE BROAD DEEP-BITE GRIPPING POWER 
eee 4} 1 ae faes . ae nel 5 EVERLOCK REPRESENTATIVES 
mel! . le Dig aliterer I Ww nver! Cc and a ela 

+} fe A Atlanta, Georgia 
a ack wacher hitec int ee C. L. Martin Sales Corp 
a ae ™ ~— Baldwinsville, N.Y 
nd work surlace, and grips tigntiy under vere Richard C. Dudek 
} Beverly Hills, Calif 
t vibration or irring impa T Plastic & Metal Components 
a i } cs coe ened Gane d ea } Boston, Mass 
vat NI . J G ’ es , 4 W.L. Barth. Jr 
. arr mArmont weeite Eve , *k washey aithar f Chicago, Illinois 


Scott & Steffen, Inc 
Cleveland, Ohio 
Kenneth D. Delanoy 
J neira l i i } Dayton, Ohio 
the fig r 4 f T, kh rs tesy — Sam T. Keller Co 
= Sees Te P , : : . Detroit, Michigan 


. pind ft wel! Cc. W. McNeil, Inc 
Write for ee we Houston, Texas 
DCVERL N ver-t! tn 10 ina oe D. G. Teeling Co 
Free Catalog aa icra Se a a s ; Weer Indianapolis, Ind 


Thom Lundeen 
Moline, Illinois 
7 J. Ramsey Reese, Inc 

il to be used, and load requirements. W New York, N.Y 

Hank Workman 

D. G. Teeling Company 
Se,  ccancmnem ai ] Pleasure Ridge, Ky 
Another 4 Z Ak HICOU W. Henry Cordray Sales Co 
Philadelphia, Pa 

W. L. Barth, Sr 


the complete line of lock washers Pusunie, aut 
Oregon Indust. Factors 
@ Internal @ External @ Internal-External e Countersunk Portland, Oregon 
: Howard N. Clark 
®@ Spring lock @ Dished toothed periphery type @ Dome toothed ; 
INDUSTRIAL FASTENERS periphery ’ Rochester, N.Y 
periphery type @ Dome plain per phery type @ Specials Forrest Moschner 





4 


St. Lovis, Mo 


THOMPSON-BREMER & CO. 


Dept. E. 228 North LaSalle Street, Chicago |, Illinois Subsidiary of AMERICAN MACHINE & FOUNDRY CO. 
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broadest range of plastics materials 
available from a single source is shown. 
Bakelite Co., Div. of Union Carbide 
Corp. 


Circle No. 644, Reader Inquiry Service Cards 
on page 17 


MOLDED METALLIZED-PAPER CAPAC- 
ITORS— Engineering bulletin on micro- 
miniature Aerolite molded thermoplas- 
tic metallized-paper capacitors Type 
P83Z gives specifications, size and ca 
pacitance tables, as well as insulation 
resistance tables. Type P83Z capacitors 
are available in two sizes, ““4¢ in. diam 
by “46 in. long, and 14 in. diam by %: = 





in. long in voltage ratings of 200, 400 
and 600 volts. Aerovox Corp. 
Circle No. 645, Reader Inquiry Service Cards 
on page 17 ° ® 
SPEED VARIATORS — Bulletin GEA-6643 
is a 16-page illustrated catalog describ 
ing a line of packaged d-c adjustable 
speed drives available from 3 through 
150 hp. 290. 440. 550 volts. 3-phase a-« 
60 cycles. Included is a power unit data 
slide rule for calculating case dimen 
-1ons, horsepower, speed range. power 
unit weight, and motor frame size. Gen 
eral Electric Co. 
cen C EC § Circle No 646 oan Service Card 
a BO SQUIRREL CAGE INDUCTION MOTORS 
RELIABILITY! peo eanits 
1300-PRD-230 and 1300-PRD-244, are 
now available describing the company + 
, Se ° ee ~ . line of squirrel cage induction motors 
Getting inside is one way son, but it’s not practical. Rls Mianatel oid oratical brene-nie 
However, with increasingly complex circuitry, and itimsizeted. Tesctihed Se —_ ah om 
a : ‘ types of construction including bear 
with no electronic equipment better than its weakest ings. enclosures. and details on the E-M 
ban squirrel cage. Ratings of the motors are 
component, it is important to know how that trans- ee 
P 7 : P that tran: from 60 through 4000 hp. Electric Ma 
former will perform. chinery Mfg. Co. 
Circle No. 647, Reader Inauiry Service Cards 
: * . “1° ° on page 17 
How do you determine its reliability? Quality of 
materials, workmanship, design... all are hermeti- MACHINING THERMOPLASTICS 
cally sealed from view. You can test it, of course, Kight-page booklet outlines recon : . 


mended procedures for machining and 
finishing of thermoplastic sheets. rod- 


but the good and the poor can test alike at first. 


ind tubes. Procedures discussed in 


The answer is that in the beginning, it’s impos- clude sawing. routing. drilling. turning 
5 ii ; -hearing. punching. grinding and _ fin 
sible to know the dependability of this transformer ishing. Special machining characteris 


except by the mark of its maker. tics of acrylics, nylon, fuorocarbon= 


and polvethylene are also covered 
Cadillae Plastic & Chemical Co. 


Circle No. 648, Reader Inauiry Service Cards 
on page 17 


ADC is grateful for the extent to which the in- 
dustries it serves have come to know and trust the 
mark of this maker. AUTOMATIC CONTROLS FOR AUTO- 
MATION SYSTEMS Catalog titled 
“Automation Controls” groups together 
a wide selection of automatic controls 
AUDIO DEVELOPMENT COMPANY most commonly used in designing auto- 
2836 13th AVENUE SOUTH ¢ MINNEAPOLIS 7, MINNESOTA matic systems. Included are such items 


as counting devices. switches, electri: 
TRANSFORMERS « REACTORS « FILTERS « JACKS & PLUGS « JACK PANELS 56 ‘ 
valves. actuators, relays. limit controls 
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Let PHALO Engineer 





Your Next CUSTOM CABLE Move 


Every custom cable move you make is impor- 
tant... important to complete product quality. 
In the very specialized field of custom cable 
design, Phalo holds an enviable reputation. 

Let this reputation for dependable design 
and practical application guide you in your 
cable moves. 


532-7 





Remember, your product development in- 
vestment deserves the best translation... and 
in custom cables. this means Phalo. 


Get the new 
Phalo Catalog 
just completed. 





a PLASTICS CORPORATION 
—~ PLIDLO Commercial G Foster Sts. 
; WORCESTER, MASSACHUSETTS 
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Kearfott’s creative Pretty: and production experi- 
ence assures the precision and reliability of their inertial 
guidance systems for the successful performance of all 
airborne equipment. 


destination 
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ZANAWAINO: 


IR PORATIO 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Ave., Clifton, N. !. 
Midwest Office: 23 W. Calendar Ave., La Grange, Illinois 
South Central Office: 6211 Denton Drive, Dalias, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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time switches and accessory equipment 
which the engineer can use as building 
blocks in selecting the components for 
an automated system. General Controls 


Co. 


Circle No. 649, Reader Inquiry Service Cards 
on page 17 


VARIABLE SPEED DRIVES Twelve 
page Bulletin 550 presents information 
on high-accuracy, infinitely variable 
speed drives producing — increased 
torques al either maximum or minimum 
speed, whichever the application re 
quires. Also presented are systems for 
automatic control of speed in adjustable . 
proportion to 3 or 15 psi air signals 
0.5 to 5 ma signals. or control signals 
derived from any pneumatic or electri 
eal transducer. Graham Transmissions, ’ 


Circle No. 650, Reader Inquiry Servic 
on page 17 


TEMPERATURE DERATING CURVES 
FOR SELENIUM RECTIFIERS —A specia! 
bulletin, No. 257 gives high temper 
ture derating curves of the vacuun 
processed, high current density “Pett 
Sel” selenium power rectifiers. TI 
data supplements the specifications 
bulletin 248A. Radio Receptor Co., lr 


Circle No. 651, Reader Inquiry Service Card 
on page 17 


ELECTRICAL CONTACTS — Revised an 
expanded 16-page general Catalog 


C-520 describes properties and 


ses 0 
l 


192 


this line of electrical contacts. Dis 
ussed are contacts manufactured fro: 
fine silver; palladium and nickel: silve 
illovs, including coin silver and 
illovs. as well as silver cadmium oxides 
ind many powdered metal compositions 
designated as Gibsiloys. A feature of 
the catalog is an outline showing the 
best contacts for various applications 
Gibson Electric Co. 


Circle No. 652, Reader Inquiry Service Cards 
on page 17 


SPEED REDUCERS AND CUSTOM GEARS P 
\ 180-page catalog covers a complete 

line of speed reducers, custom gears 

and commercial gears. Details are give 

on sizes, ranges, capacities and types 

available. as well as illustrations, sche 

matic drawings and _— specifications 

Grant Gear Works, In¢ 


Circle No. 653, Reader Inquiry Service Cards 
on page 17 


REINFORCED MOLDING COMPOUNDS 

\ paper-bound 40-page catalog de 
scribes — the Atlac Thermaflow reir 
forced polve ster molding compounds 
The catalog features detailed data 
sheets on each of seven compoun Is 
Characteristics such as form and shelf 
life are given, as well as the physical 
chemical, mechanical and heat and 
flame resistant properties of the molded 
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WTS 


Magnetic Metals Company processes 
tape wound Centricores to provide 
thermal stability 


@ New Process! TECHNIQUES temperature environment 
developed | Ma tic Metals The design engineer w d « 
Com \ v provide Centri- great importance also the stand- 
co é thern ta ard be 

b i I Res rf ac d ( \duc- 
tes ( tricore 79 tiol Ex d aria- 
Sq 002 teria ire ti eX I 
pl > Cul vn In- lo iminat 

di almost tant gain ty problems 

be 60° ¢ 200° ¢ Magnetic Met ( il 
Suc { y Wi ve a Vital Centricores are a D ; 
assist to the designer of magnetic standard and ma 7 7€e 
amplifiers, who must contend Price lists and engineering data 
with ever-increasing variations in 


may be had on request. 


© MAGNETIC 


ELECTROMAGNETIC CORE PARTS AND SHIELDS 
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Specify Centricores for 
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FT Tec 


INDUSTRIAL MACHINERY 
ee eM EOL selUial alae 
ELECTRONIC DEVICES 
mea E eee a 





METILS 


((MPAN 


279 





ICR se Sar cae re cue 6 & ie ine Ee ® =) 


re ta ae 


on Photocircuirts 
plated-thru holes 


Heart of TITAN ICBM Inertial Guidance System 


When the Titan’s electronic umbilical cords are severed, the giant 
missile begins life. With no ground contact, its unjammable 
inertia] guidance system must work...there’s no second chance. 
Arma Division of American Bosch Arma Corporation, maker of 
the Titan’s computer brain, demands printed circuit boards that 
must function the first time...every time. A defect, at any assembly 


point, means discarding the board and the costly components 
mounted on it. 


That’s why Arma relies on PHOTOCIRCUITS printed circuit 
boards with plated-thru holes to do the job. 

PHOTOCIRCUITS pioneered plated-thru holes ...manufactures 
them with built-in reliability for military and industrial 
applications. 


Plated-thru hole reliability is based on PHOTOCIRCUITS’ 
unequalled experience in every phase of printed circuitry. 
Consistent dependability is the result of proper design, precision 
production and advanced quality control techniques. 


Check the advantages of plated-thru holes by PHOTOCIRCUITS 
...the largest and most experienced manufacturer in printed cir- 
cuitry. For complete information, write our Engineering 
Department PS-2 today. 


PHONES 


GLEN COVE 4-8000 Ge 
FLUSHING 7-8100 


CABLE 


CORPORATION 
PHOCIRCO 


GLEN COVE, NEW YORK 
See us at the IRE Show, Booth #’s 2397-2304 
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part under ASTM procedures. A seies 
tor chart facilitates selection of the 
proper compound for given end use 
conditions. Atlas Powder Co.. Chemi 
cals Div. 


Circle No. 654, Reader Inquiry Service Cards 
on page 17 


ADJUSTABLE SPEED DRIVE Twelve 
page bulletin No. 2000 describes the 
“Select-A-Spede” adjustable — speed 
drive: a variable-voltage d-c drive that 
uses a-c as its power source. Applica 
tions such as machine tools, metal prox 
essing, textile, paper making. test 
stands. conveyors, etc.. are discussed 
and illustrated in the bulletin. The 
Louis Allis Co. 


Circle No. 655, Reader Inquiry Service Cards 
on page 17 


WEATHER-PROTECTED MOTOR - feu 
tures which contribute to the outdoor 
dependability of weather-protected mo 
tors (Type FOD) built to NEMA and 
ASA standards in sizes NEMA frame 
505 through 800 hp at 3600 rpm are 
described in bulletin 51B8606B. The 
motors feature a sturdy steel frame, « 
removable pre-wound stator assembly 
proven insulation, capsule-mounted 
split sleeve bearings, removable air 
ducts, and protective screens. Allis 
Chalmers. 


Circle No. 656, Reader Inquiry Service Cards 
on page 


MINIATURIZED FILTERS AND CAPAC- 
ITORS—-Four-page bulletin No. 57B 
provides photos, schematic drawings 
charts and graphs to illustrate the new 
line designed specifically for compact 
high-reliability airborne use. The bul 
letin furnishes data on the use of Mylar 
film. the outstanding feature of both 
filters and capacitors. Stability under 
temperature extremes is illustrated in 
a graph. Airborne Accessories Corp 


Circle No. 657, Reader Inquiry Service Cards 
on page 17 


PNEUMATIC TRANSDUCER; PRESSURE 
COMPARATOR—Catalog sheet 59-100 
explains operation and features of 
pneumatic transducer, an electro-me- 
chanical device for instantaneously 
converting 3-15 psi input pressures into 
a-c signals. Catalog sheet 32CA110 
explains operation and construction of 
a new pressure comparator. Unit gives 
precise service as high as 300 psi and 
300 F. Fischer & Porter Co. 


Circle No. 658, Reader Inquiry Service Cards 
on page 17 


ALL-STEEL SHAFT-MOUNTED DRIVES 

Thirty-two page illustrated Bulletin 
7100 describes the line of all-steel. 
helical gear, shaft-mounted drives for 
applications in the range from 12 to 
50 hp and from 420 to 5 rpm output 
speed. The bulletin includes descrip- 
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%, , and 1-WATT 





Far exceed MIL Specs 


for film and wire-wound resistors 


Allen-Bradley’s new. truly accurate 
available in 144, 4, and l-watt rating pro 
that are a substantial improvement over the MIL Spe 


wound and film type precision resistors 
They combine remarkable stability KAD 
under load and on the shelf. with an 

exceptionally low temperature coefficient vi, 
Provided with gold plated leads \ 

for flawless soldering—these new metal / 


crid resistors justly qualify under the 


Allen-Bradley trademark of Qualit 





The construction of the 14, \%, 


1- 





and |-watt resistors is identical. 7 
At left is an enlarged view of the <2 — 
metal alloy grid, mounted on j 
glass, that forms the resistance , 
element. (A) Actual size of 
watt element, (B) encapsulating a 
epoxy resin body, (C) finished 


unit hermetically sealed in 
ceramic tube. 


ELECTRONIC COMPONENTS 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. « In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


58-E 


METAL GRID PRECISION 


The specially designed metal alloy grid of these new resis- 
tors is noninductive. providing excellent high frequency 
characteristics. Due to the metal erid, the ype CAH, 
y-watt: Type EAH. 15-watt: and Type GAH. |-watt re- 
sistors have an exceptionally low noise level . . . comparable 
to that of wire-wound units. 
Each Allen-Bradley precision resistor is individually cali- 
brated and marked with the nominal resistance value, the 


COMPARATIVE SPECIFICATIONS 


tolerance. and the tempera- 

ture coeflicient. Obviously, 

the price cannot be low, but there are many critical military 
and industrial applications where the stability and relia- 
bility of these metal grid resistors will more than offset the 
initial cost. 

It will pay vou to investigate the use of these Quality. her- 
metically sealed resistors in your really “tough” military 
and industrial circuits. 


PT Lad 


Allen-Bradley 
Specification 
eit} 


PN Lad 
ee ok 
ite ea Clap) 


Proposed MIL-R-19074A 
Charac. C (Ships) 
MIL-R-10509C (Film) 
(Film) 


Rated Ambient 100°C 


Maximum Derating '6s°C 





Tolerance .1 to 1.0% 


+25 PPM 


Temperature Characteristic 50 PPM 


Low Temperature Storage 1% Max. 


Temperature Cycling 1% Max. 


Moisture Resistance—In Cabinet 


Short Time Overload 
Load Life—100°C Ambient 1000 Hrs. 





No damage 


Terminal Strength No damage 


No damage 


Solder Test 


1°07 o7 
\Yo Max. 1% 


Dielectric Strength 1% 05% 


Insulation Resistance 1000 Meg. 


Allen-Bradley Co. 
222 W. Greenfield Ave., Milwaukee 4, Wis. 


In Canada— 


ELECTRONIC COMPONENTS Allen-Bradley Canada Ltd., Galt, Ont. 


2-58-E 





tion of unit design and construction: 


suggestions on using these drives to 
-olve various application problems, plus 
2 pages of installation pictures: infor- 
mation on how to select the proper size 
ind ratio of unit: sheave and belt selec- 
tions: and data on 

Falk Corp 
Circle No 659 Reader 
on page 
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SHAFT RETENTION FASTENERS An 


%-page booklet illustrates and descrilf 


nes 


the company’s line of “Springrip” and 


other shatt 1 


retentior fasteners ne 


italog explains the “pilot tooth” de 
sig! that makes Springrips easier to 


ipply. In additien to where-te 


formation. the he 


-uSe IN- 
1 
i 


oklet includes dimen 


sional data ind specihcations on stand 


hers available tron 
IHlinois Tool Works 


ader Inquiry Service Cards 
n pag 7 


HISTORY OF MICA. Fol 


der presents 


nica s history which started with 


the dinosaur age and is continuing 


strong into the “rocket to the moon” 


ige. The folder points out that in spite 
of advances in new insulations. mica 
has electrical ind mechanical charac- 


teristics which manv of the 


newer ma 
terials innot provide I icts are also 
presented on variety of forms possible 


1 advances in mica fabrication 
techniques Ford Radio & Mica Corp 


Circle No. 661 


throug! 


Reader Inquiry Service Cards 


on pag 


MILL MOTOR Desig features of 
Elliott Crocker Wheeler 620 frame mill 
motor are detailed in a 4-page technical 


bulletin PB-9000-2. Flectrical details 
are described. including design and 


onstruction ot irmature 


coils ind field coils All coil insulatior 
is Class H. Information on 


design 


irmature 


mechanical 


features which contribute to 


reliab e operation and Pace of 


mainte 
nance also is provided. Elliott Co. 


662, Reader Inquiry Service Cards 
on page 17 


EXTRUDED PLASTICS Illustrated 12 


: 
page brochure includes the latest in 


formation on complex shapes. rods, 
tubes. and moldings. It describes fabri- 
cated parts 


materials suitable for 


discusses 


thermoplastic 
extrusion. and 
gives material property tables. The ap- 
plication of extruded parts in several 


industrial and consumer products is 


Anchor Plastics Co.. Inc 


Circle No. 663, Reader Inquiry Service Cards 
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also shown 


DRIVES FOR AUTOMATED PIPE MILL 
—Bulletin L-2505 describes 


new . all-electronically 
berta-Phoenix 


Canada’s 
controlled A\l- 
Tube and Pipe, Ltd., 
resistance-weld pipe mill. Photos and 


MARCH 1958 


Pioneered and proven by 
KANTHAL, the now famous 
KANTHAL iron-chromium-alu- 
minum-cobalt alloys provide 
engineers with a_ broader, 
better means to solve heating 
and resistance problems 
High resistivity (812-872 
ohms cmf) and high tempera- 
ture ranges (to 2460 F) give 
these superior alloys such wide 
versatility and usefulness that 
others constantly attempt imi- 
tation. Only KANTHAL, with 
years of experience in ton- 
nage production, provides the 
wide variety of types and un- 
varying quality that have 
made these alloys outstand- 
ing. 

Specialists for more than a 
generation, KANTHAL re- 
search constantly develops 
new resistance materials. The 
most recent is KANTHAL SU- 
PER which surpasses all known 
metallic elements in perform- 
ance at temperatures to 2900 
F. This is typical of continuing 
KANTHAL leadership in pro 
ducing superior resistance al- 
loys to meet every need 
Full Data Available 
(Based on actual applications 
Whatever your heating or re- 
sistance problem, KANTHAL 
has full design data to help 
you solve it more quickly and 
easily, and most likely at low- 
er cost. 


eS 


* 
ee Me 


ih 


KANTHAL A-1, A 
furnace elements in air and neutral atmos- 


Type A-1, 2460°F, Type A, 2370°F 


For long-life supported 


pheres 


KANTHAL D, DS For heating and resist- 
once elements n Hronces and furnaces 
Type D 2200°F, Type DS, 2100°F 


creep strength 


higher 


ALKROTHAL 14 For ! 


ond appliance elements, 1900 F 


ow-cost resistor coils 


KANTHAL DR and NIKROTHAL L_ For 
precition components and resistors High 
resistivity thermal EMF 
vs copper coefficient 


+ .00002 C 


all types of 


KANTHAL SUPER 


element temperatures 2900 °F with long 


cermet for furnace 


controls 


NIKROTHAL 8 (80 20) and 6 (60 
Highest quality nickel. chromium for 


pended elements at substantial savings 


CUPROTHAL 294/55 45) copper-nickel low 
temperature, low-resistance wire 294 ohms 


cmt). Also CUPROTHAL 180, 90, 60, and 30. 


Write today for free data on 


ae! 
CORPORATION 


3 Amelia Place 
Stamford, Connecticut 


Canadian Rep. Ferro Enamels 
Oakville, Ont 


ALKROTHAL 14 
KANTHAL DR and 
NIKROTHAL L 


KANTHAL HANDBOOK 116 pages of physical 
ond electrical data for 


with KANTHAL A-1, A 


designing equipment 
D, DS 


KANTHAL SUPER 
NIKROTHAL 8 and 6 
CUPROTHAL ALLOYS 


NAME 


POSITION 


Write on, or attach to, your company stationer 
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Solution Combined in Precision Ps 
Small Diameter Slip Ring by == +m: ©; 
Electro Tec ~ yi 


If your circuit calls for low torque, low noise, wide temperature range, 
precision slip ring assemblies, Electro Tec can supply your needs 

Electro Tec miniature units are the product of exclusive manu- 
facturing techniques that insure permanent dimensional stability and 
ultra precision in sub-miniature diameter slip rings! 

Electro Tec assemblies are specified by leading manufacturers of 
precision instruments because of their proved higher mechanical 
strength and greater dependability for the ultimate in performance, 
at no extra cost. 

There is an Electro Tec engineer near you. He will be glad to visit 
you and help on your design problems. 


Write for fully illustrated literature. 


Products of Precision ; Ee 
* Craftsmanship 


Pat. No. 2,696,570 


P.O. Box 37F, SOUTH HACKENSACK, N. J. 
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drawings illustrate the extensive use o 
\V*s Drives in making the mill so aute 
matic that one man can operate the 
entire line. Reliance Eleetric and Engi 
neering Co, 


Circle No. 664, Reader Inquiry Service Card 
on pag 7 


REMOTE CONTROL SWITCHES }’\:))! 
cation No. 627 describes ASCO remote 
control switches. now ivailable 
equipped with vibration mounts and 1 
soundproof enclosures. for installatior 
in locations where quiet operatior 
essential. Included are applications 
construction, features, dimensions. list 
prices and ampere ratings. A\utomats 
Switch Co. 


Circle No. 665, Reader Inquiry Serv Card 
n pag 7 


SOLID FILM LUBRICATION \n al 
purpose solid film lubricant. = 136 
elven complete technical Ccoverauve 


I-page bulletin No. 2049. The bullet 


includes data on wear life versus bl 
it various speeds. along with fricth 
properties physical properties 


data on fluid immersion tests. Electr 
film. Ine 


Circle No. 666, Reader Inquiry Service Card 
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TRAILER WIRES AND CABLES |;;. 
chure describes the various trailer wire 
and cables produced by the compar 
Items explained include Motoprene 
wires. thermoplastic. rubber-coveres 
cord and brake cables. Brief dese: 
tions of their application and sizes ava) 
able. as well as complete engineering 
specifications are included. Essex Wire 
( orp 


Circle No 667, Reader Inquiry Service Car 
on page 17 


PHENOLIC RESINS, VARNISHES AND 
MOLDING POWDERS IIlu-trated br 
chure CDC-344 describes a line of 
phenolic resins. varnishes and molding 
powders. Included are detailed techn: 
cal data, special properties and produ 

features of phenolic molding powder- 
rubber phenolic molding powders. pli 
nolic laminating varnishes, phenoli 
foundry resins. Methylon coating resin- 
and industrial resins and varnishe- 
General Electric Co.. Chemical Mat 
rials Dept. 


Circle No. 668, Reader Inquiry Service Cards 
on page 17 


VIBRATION AND SHOCK MOUNTING 
SYSTEMS —Four-page bulletin FIA de 
scribes engineered vibration and shock 
mounting systems for airborne ele: 
tronic equipment and other applica 
tions. Descriptions and illustrations are 
given of variable-damped engineered 
mounting systems. along with a_ de 
tailed discussion of the design and 
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New trends and developments 
in designing electrical products... 


‘“‘Work backward’’—a new design approach that’s bringing 


the advantages of General Electric permanent magnets 


to fields traditionally reserved for electromagnets 


A new approacn to the design of 
motors, generators, relays, and simi- 
’ 


lar products is making it 


to produce 


possible 
efficient 


and economical units by using per- 


smaller, mors 


manent magnets, instead of electro- 
magnets 


Tr 1 ] 
The new approach is simply t 


“work backward That 1S aesign 
the most efficient magnet assembl; 
first and then the rest of the 
component 

In the past, where designers tried 
1o replace electromagnets In tnese 
products, permanent magnets oijiter 
proved uneconomical. Here’s why 

The traditional approach was to 
work the permanent magnet into ar 
existing design To! a wire-wound 
field, to save the cost of new dies and 


other major manufacturin 

Under these conditions permanent 
magnets will seldom 
advantage. But, by using the 
backward” approach, many 


ing results can be 


show to best 


outstand- 


obtained 


FIGURE 1 — G-E Alnico 5 magnet helps 
2-pole motor develop 1/150 hp at 
10,000 to 15,000 rpm 


For example, permanent magnets 
had been limited to fractional-hp 
applications, such as the 1/150-hp 
toy-locomotive motor in Figure 1 

But today, through imaginative 
design and more efficient alloys, 
permanent magnets are now used 
for rotors and stators in much larger 
equipment 

The DC tachometer generator in 
Figure 2, for example, uses a 2-lb. 
G-E Alnico 6 stator. 

The permanent magnet provides 
greater reliability and accuracy than 
copper windings, over wide ambient 
temperatures. It eliminates an ex- 
ternal power source and field regu- 
lating equipment. And, there is no 
replacement problem since the mag- 
net — unlike wire — never burns out 

These are some of the advantages 
that can be realized from early con- 
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FIGURE 2 — 46-frame DC 
generotor with Alnico 6 stator. 


tachometer 








deration of the permanent magnet 
design 
Alone, these can m¢ stif 
tne cost ol! rede Signing equipment 
to eliminate wound ds Y c. ts € 
f other advantages tnat esuilt 
ro tne enet's D1iit to supT 
a constant i t externa 
excitation, in 
@ Elimination of fie nterruptions 





due to power tall 


@ Elimination of heat and 


costly cool 





thus conservin 


sulation 


able weight and space 





*} i j f danx -f > £4131 4¢* 
@ Elimination of danger from faulty 


wiring or damaged insulation 


These are important advantage 
where equipment must be reliable 
despite severe environmental condi- 
tions. But equally important to the 
designer is the permanent magnet’s 
superior volumetric efficiency. A G-E 
Alnico magnet can usually supply 
a given magnetic field in a fraction 
of the space needed by even the best 
designed electromagnet 


L 


j e 


~ 


he 


FIGURE 3 —TV-tube focusing magnets. 
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With the new high-energy allovs 
ind the development of more scien- 
ign methods, the future for 
permanent magnets—and the oppor- 
tunity for ] 
unlimited 


designers IS Virtually 


For example, a recent use of the 
“work backward” approach has, for 
the first time, made it possible to 
use powerful Alnico magnets to 
supply uniform fields in equipment 
like traveling wave tubes 


General Electric Magnet Engi- 
neers have accumulated a wealth of 
information on the problems of re- 
designing for permanent magnets 
They will their knowledge 
with you at any stage of the magnet 
design project 


share 


For more information, or the serv- 
ices of a G-E Magnet Engineer, 
write: Magnetic Materials Section 
of General Electric Company, 7804 
N. Ne ff Road, Edmore, Michigan. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Circle 281 on page 17 





selection of the component parts of 
these systems. Federal Shock Mount 
Corp. 


Circle No. 669. Reader Inquiry Service Cards 
on page 17 


ACRO 


Push Button Switches 


TRANSFORMERS, CHOKES, FILTERS 

Catalog No. 102 lists, illustrates, and 
describes 390 stock and many special 
application audio transformers. chokes 


filters. geophysical transformers, high 
temperature transformers and reactors 
magnetic amplifiers. miniature. power. 
RD-1P-1S pulse ind = transistor transformers 


Basic switch for Hermetic Seal Transformer Co 
ey ' loads to 15 ainps Circ No 67 Reader Inquiry Service Cards 

M Switches in one . 125-250vA.C n page 17 
10 omps. 125 v A.C 

1% PULSE CODE GENERATORS. four-page 
atalog describes Model 5100A_ series 
programmed current pulse generators 
for use in design and test of memory 
components and digital logic. Opera 
tional characteristics and complete 


specifications with block diagram and 


wavetorm summary cover standard unit 
combinations and accessory instr 
ments. Electro-Pulse. In 
Circle No. 671, Reader Inquiry Service Cards 
on page 17 


THERMOSTAT DESIGN DATA-—Bulleti: 
contains design data for adjustable and 
non-adjustable “NorStat” Type A ther 
mostats, suitable for appliances, vend 
ing machines, and production machin- 
ery. Design data includes mechanical] 


260-0019 Fe 216-0014 characteristics. such as size and ma 
Three split contact circuits in : Low-cost two pole “open’’ type. terials of construction, and operating 
subminiature size. 10 amps . 10 amps. 125 = A.C ; data. such as range of temperatures 
V5 w A.C. #542" L x te mK ta eo Waele caaieoge and rating for voltage and 
x 164 . i current. Norwalk Thermostat Co. 
Circle No. 672, Reader Inquiry Service Cards 
on page 17 


CUSTOM-MOLDED NYLON PARTS —A 
t-page pamphlet entitled “The Nylo 


matic Wav” describes a designing, tool 


ACRO 
Push Button Switches 
(rolling spring type) are ing and production service to handle 
available in a wide ronge custom-molded nylon requirements. In 
of sizes, shapes and up to cluded are a description of the com 
pany. the typical products they make 
and the savings offered by their method 


Nvlomatic ¢ orp. 


3 circuits. Choice of contacts 
permits use in low voltage or milli-amp 

circuits. Open or enclosed ... with 

3DO5-SP or without overtravel button 

» SPST switch with optional overtravel . .. threaded sleeve for 

and choice of terminals. 

een oe ae Re. Write for complete data! lt GENERAL-PURPOSE POWER RELAY 
_— ‘ H My Engineering data folder gives a com- 
aah report on the Type 33B gen 
eral-purpose power relay. Detailed de- 
scriptions of characteristics, features 


Circle No. 673, Reader Inquiry Service Cards 
on page 17 
ponel mounting. 


and technical data are included, along 
with dimensional drawings, standard 


j : stock and contact listings. Phillips Con- 
CONTROLS COMPANY trol Corp. 
Wr Contrets 


Circle No. 674, Reader Inquiry Service Cards 


ACRO DIVISION - * Columbus 16, Ohio on page 17 


: | REPEAT CYCLE TIMERS — Bulletin 
me ‘ a i da) Ltd., T Uy ff : 
4 I ae ili catia lia te " AWH RC-301 describes a new line of 


subminiature hermetically-sealed repeat 
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Specialists in special purpose tubes 


THYRATRONS—An_ ex- 
tensive line of thyra- 
trons for use as grid 
control rectifiers, ys 
and noise generators. 
Inverse voltage ranges 
from 100 to 5,000 volts. 
Sizes from subminia- 
tures to ST 16 bulbs. 
Filamentary as well as 
hot and cold cathode 
types are available. 


aa 


5 





| 


VOLTAGE REGULATOR AND 
REFERENCE TUBES —Gas 
filled tubes designed to 
specific ae for reg- 
ulating small currents. 
Also used to make avail- 
able stable reference 
voltages for high current 
supplies. Sizes from sub- 
miniatures to bantams, 
including many reliable, 
ruggedized types. 





TWIN POWER TRIODES 

The most complete 
line ofhighcurrent twin 
power triodes devel- 
oO especially for ae 
ulated power supply 
usage. Current and 
power ranges up to 800 
milliamperes and 60 
ee In- 
clu are rugged types 
in both low and medium 
mu construction. 


Chatham research and development 
has produced many new tube types 
that have become industry standards. 
If you have a special purpose tube 
problem, Chatham experience can 
help you find the solution. 


CHATHAM ELECTRONICS bivision op TUNG-SOL ELECTRIC INC. 


RECTIFIERS — Both vac- 
uum and gas filled tubes 
with peak inverse volt- 
age ratings from 200 to 
15,000 volts. Included 
are tubes with special 
features such as fast 
warm-up, cold cath- 
odes, clipper service rat- 
ings and rugged con- 
struction. 





TELEPHONE TYPES — A 
highly specialized line 
of vacuum and gas filled 
types in both the 300 
and 400 series. 


HYDROGEN THYRATRONS 
— Used primarily as 
switching tubes in line 
type radar modulators, 
t tubes permit ac- 
curate control of high 
energy pulses. Sizes 
from miniatures to the 
VC 1257. Peak pulse 

wer ranges from 10 

ilowatts to 33 mega 
watts. 


General Office and Plant: Livingston, New Jersey 
SALES OFFICES: CHICAGO, DALLAS, LIVINGSTON, LOS ANGELES 
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@Wide range of 


shapes and sizes 


& l-pc. Nylon mold 


ing speeds winding 


B lrregular shapes 


and special materials 


OW available from stock... 


ae for-use 
NOW Gries offers a wide variety of nylon coil bobbins 
from stock. Automatically mass produced at low cost z 


See GRC at the I.R.E. 
ready for use. Stock sizes from 14" diameter x 14" long ff Show BOOTH 4042 
minimum up to 73°’ diameter x 79°’ long—round, squar« / 


rectangular, oval shapes. Check Gries for your 4g 


bobbin needs—either from stock—or to your size / 
shape and material specifications on special order / 
WRITE TODAY FOR SPECIFICATION SHEETS ¥ ® 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 


149 Beechwood Ave., New Rochelle, N.Y. NEw Rochelle 3-8600 
Circle 284 on page 17 


lioduces! 


“Custom-Made”’ 
MOLDED 
CABLE 
ASSEMBLIES 


MOLDED-ON PLUGS 


Completely 
Electrically Shielded 


U > 

O 
OZ 
Yom 


J 


Available in 


Ask to see these 
assemblies and other 
new components at the 


Innumerable Terminations 


EQUI a 
RADIO ENGINEERING QUIPMENT MANUFACTURERS 


SHOW 
N. Y. Coliseum 
ar. 24 to 27 


BOOTH 2228 


Switchcraft Engineers will help you design 
an assembly to harmonize and 
complement the styling of your equipment 
at possibly a lower cost 


Write for bulletin $-582 or furnish us complete 


specifications with your inquiry 





R 
1324 N. Halsted St. 
Chicago 22, Ill 


Canadian Rep: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto, Canada 


Zt 
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bulletin 
charts on cycling times. outline and 


cycle timers. The includes 


mounting dimensions. approximate 
weights, and tabulation of the military 
specifications, all in easy-to-read form 


The A. W. Haydon Co 


Circle No. 675, Reader Inquiry Service Cards 
on page 17 


PLUG-IN LIMIT SWITCH | Bulletin 20 
describes “Plug-in Limit”. a precision 
limit switch which can be replaced in 
only seconds. Complete description of 
the switch, drawings and photographs 
are included. All five actuator types 
available are described. Dimensional 
drawings, mounting information. and 
prices are covered. Micro Switch 
Circle No. 676, Reader Inquiry Service Cards 


on page 17 
M f r 
anutacturers 
° ° 
Publications 
For these selected public atoms iate 
rials components, technic il data and 
ngineering services, write direct to the 
nanufacturers on company letterhead 
ientioning ELECTRICAL MANUFACTURIN« 
is vVour source 


COST-CUTTING THROUGH COLD- 
HEADING —“Designing Part- for Cold 
ind Hot Heading.” a 96-page manual 
is intended to assist engineers on the 
economies and design factors of head 
ing small parts. Presented are data on 
the process and materials used. design 
studies of headed parts. and basic rules 
for designing items that can be pro 
duced Mast economically | he iding 
processes 

Chapter headings — include How 
Heading Produces Better Parts at 
Lower Cost: Designing Parts for Head 
ing: Designing for Secondary Opera 
tions: Drawings and Specifications: Ef 


fects of Ele troplating on Dimension 


Copies of the manual are ivallable 
at $2 each postpaid from Industrial 
Fasteners Institute 1517 Terminal 


Tower. Cleveland 13. Ohi 


PRINTED CIRCUIT LAYOUT AND DE- 
SIGN “Some Suggestions on Printed 


Circuit Lavout and Design was writ 
ten to wquaint) manutacturer- ind 
others interested in this process wit! 
the facilities of this compan 

Th following are some of the con 


pany s capabilities. which are described 
in this publication: they can convert 
wired circuits to printed cireuit: form 
make the necessary s« ale drawing or 
photomaster. and make the actual-size 
negatives from it: print and etch the 
boards and do the drilling. punching 
or machining; apply any electroplating 
or protective coating required: assem 
ble components. dip solder and deliver 
complete assemblies ready for use 


Copies of this booklet are available 


for $1.00 from the Arthur Ansley Man 
ufacturing Co... New Hope Pa 
























































Data from the 
FISEKFO OS SSS wed 


THIS MOTOR 


LIVES 


IN A 


STEAM 


BATH 


When water accumulates in an underground 
-team distribution system thi- pump coes to 


work 


water rises and covers the 


But during period= of heavy rain. the 


pipes. 


clouds of steam. Failures were frequent. Since 


viving off 


rewinding to Class H specifications using 
LNION CARBIDE R-620 Silicone Insulating 
Resin. there has not been a single failure! 
lime and time again. where a motor is sub- 
jected to high temperatures. corrosion. over- 
loads. or dirt. the answer has been found in 
Class H insulation. 

You can easily vive vour rewind customers 
all the advantages of Class H insulation. be- 
cause R-620 Silicone Insulating Varnish is a- 
simple to use as ordinary varnishes. For exam- 


ple at 450 deg. F.. 


a Class H motor would cure 


Unlocking the secrets of silicones 


Rubber, Monomers, Resins, Oils and Emulsions 


“Lnion Carbide” is a registered trade-mark of LCC, 


Circle 286 on page 17 








in less time than a Class B motor of the same 


ize at 300 deg. F. The time consuming step-by- 
-tep curing evcles required by earlier materials 
ire eliminated. 

UNION CARBIDE R-620 is easily adapted to 
your shop practice. You will find that it gives 
a hard. tough. vet flexible finish. The proper 
viscosity is built in, eliminating frequent sol- 
vent additions. No additional treatments are 
require d to protect against moisture or corro- 
sive atmospheres. 

Find out more. Write for the booklets. “UNION 
CARBIDI Dependable 


and “More for vour Silicones Dollar.” 


Silicones for Service” 
Address 
Union Carbide 
Corporation. 30 East 42nd Street, New York 
7. NEY. 


Silicones Division. Dept. 8-3 
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Hundreds of similar boxes 


are shipped every month to 
near and distant points . . . for 
project “Hush”... for a new 
adding machine . . . for tomor- 
row’s automation. The trust of 
industry is well placed in the 
Chatillon Engineers who are 
heir to more than 120 years of 
spring design and manufactur- 


ing experience. 


Next time you have a 
special spring problem, let a 
Chatillon Spring Engineer 
help you. If you want quality 
springs on schedule, at com- 
petitive prices, send your blue- 


prints to Department P-6. 


85 CLIFF STREET, NEW YORK, N.Y. 


Manufacturers of Precision Springs and 


Force Measuring Instruments Since 1835. 
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Book Reviews 











ASTM Standards on Electrical Insulating 


Materials. American Society for Test 
ing Materials, 1916 Race St.. Phila 


delphia 3. Pa. 692 pages. paper cover 
$6.00. 


The 1957 edition of this book contains 


extensive revisions and new standards 


to keep the contents abreast of current 
industrial developments It provides an 


ASTM test 


procedures and specifications for elec- 


ip-to-date compilation of 


trical insulation tor use of manufactur 


ers ot associated 


ele ‘ 


methods are 


equipment and those 


and distribution of 


| he 
{ 


lor evaluation of potential 


with the use 


tri al powel test 


widely ised 


new or improved insulating materials 


and for related ind de velop 


researeh 


ment investigations 
) 


Phere ire 5 standard methods, re 


tentative methods and 17 specifications 


Of these. 15 are 
Also 


lisplas ement 


new or recently revised 
ggested liquid 
diele ctrl 


included = is i su 
method tor 
constant and dissipation factor of pols 
ethviene 
Among the 


ine 


loples covere ad are 


lating Shella ind Varnish Plates 
Sheets. Tubes. Rods. and Molded Ma 
terials: Liquids for Electrical Insula 
tion: Ceramic Products: Solid Filling 


j 


ind Treating ¢ Insulating 


Mica Prod 


ompounds 
Fabrics: Insulating Papers 


ts ind Electrical Tests 


Engineering Materials Handbook. (harle~ 


| Mantell. Editor. MeGraw-Hill’s 
Book Information Service. 327 W 
fist St.. New York 36. N. ¥ 1936 
pages. 648 illustrations. Price $21.50 


:ngineering materials are tied in ver\ 


closely to specifications. tests stand 
ards. and the like in this new. up-to 
date handbook. It considers materials 


from the viewpoint of engineering struc 


tures. machinery. and equipment 

In 43 organized sections. the hand 
book covers metals. the organic and 
inorganic materials. and the cause and 
prevention of failure’in materials. Tech 
nical tables. design information. struc 
tural characteristics. and tabular data 
make a wealth of useful and specifi 
facts quickly available. Emphasis is 
placed on the fabricated forms of ma 
terials. their physical and mechanical 


their advan- 
tages. limitations competition with each 


othe 1 


properties adaptations 


protection against deterioration 


























and increase in their stability to with 


stand use and abuse 


deal 


materials of construction of 


Sper ial sections also with the 


apparatus 


for control and utilization of atomik 


forces and fission products powel 


plants, reactors, their safety and insula 
X-rays. beta 


particles, and all the products of fissior 


lion against gamma rays 


able material. 

The handbook devotes complete at 
tention to such materials as brick. clay 
refractories, silicas. glasses. stone. con 
crete, expanded minerals. ete. It in 
cludes such organic materials a- tars 
pitches. isphalts Waxes paints \ar- 
nishes. lacquers. elastomers. rubbers, 
plastics. and silicones. And an entire 


section is devoted to a practical on 


sideration of the various conditions 


which can influence the permanence of 


i material 


(Any practicing engineer. regardless 


of his designation or specialization. as 


Engi 


at rea 


will find the 


H indbook 


he is wed wit! 


well as anv designer 
Materials 


whenever 


neering 
service 


ehoice of materi ils 


Motion and Time Study, 4th Edition. 1 
Ralph M. Barnes. John Wiley & Sons 
Inc.. 440 Fourth Ave.. New York 16 
N. Y. 665 price $9.25 


pages, 


Five new chapters have been added t 


this revised edition, dealing with: mo 


tion study. mechanization and automa 
tion: mechanized time study and elec 
tronic data processing systems of 


data; work 
evaluating and controlling factors other 


motion-time sampling 


multi-factor wage it 


than labor, and 


ceentive plans 
The book 


developments in the industrial use of 


includes material on 


new 


pulse rate as an index of physical a 


tivitv. The section on time study is e1 


larged by new material on statistical 
procedures in time study and informa 
tion on auditing of methods, time stand 


plans. All 


known systems of motion data are out 


ards, and wage incentive 


lined and four of these systems are 


described in detail. including complete 
tables of motion-time data for each 

The author has used the results of his 
industrial engineering surveys as a 


the 
te« h 


guide in presenting and evaluating 


most widely used methods and 


niques in this country 
ELECTRICAI 
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LASS BITES STEEL 


‘oq | ! a 
CANT RY LL 





Some very vital ‘‘guts’’ in this miniature relay are resistance 





welded to the internal electrodes of the giass-to-metal her- 
metic header. If the electrodes should twist in the glass when 
the external ends are bent or crimped .. . or when the relay 


is undergoing adjustment before sealing the unit has *“‘had it.”’ 


ONE MANUFACTURER 





**Po fion of pir in Glass = 
j Att j » 

di M ailer ] O pre- ~ 

rent turning ind hreak- 1 ire S 

ng t ~ rie , , 
Only Fusite Terminals with controlled com- 
pression plus fusion can pass this test without 
the mechanical “‘crutch”’ of a flattened pin. 
With true fusion the glass bites the metal and 
THe met i t nae ()r , tT) 1 nean nr lijee 

ot atid rein ee lf Metal DIteS DaCK. niy fusion can proauce 

THEN THEY TESTED the Fusite Terminal witt 1 true dependable hermetic seal. 

V-24 glass that act laliyv inte rfuses with the pin and the idde 


SAMPLES ARE YOURS 
FOR THE ASKING: 
WRITE DEPT. B-1 


& eos, 


Gatry ; re FU SITE corporation 
Ve 6000 FERNVIEW AVE., CINCINNATI 13, OHIO 
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“Wound cores? 
They’re all 
alike!” 


says Slipstick Smith 


We beg to differ. Some wound 
cores may not meet specifica- 
uons. Some may not arrive on 
time. Some may never arrive at 
all! There is a difference, Mr. 
Smith. 

Now consider wound cores 
from Thomas & Skinner . . 

Thomas & Skinner handles in- 
quiries promptly . . . quotes real- 
istic delivery dates . . . and then 
ships on schedule with wound 
cores (as well as all T&S prod- 
ucts) meeting Customer specifi- 
cations in every respect. T & S’s 
entire staff is constantly aware of 
the importance of handling cus- 
tomer orders, no matter how 
large or small the order, no mat- 
ter how large or small the cus- 
tomer. All T & S customers are 
VIP’s to the T & S staff 

Specify T & S OrthoSil® 
Wound Cores for your next proj- 
ect. Write for Bulletin WC-356, 


See us at 
Booth 2926 I.R.E. Show, 
March 24-27 





East 23rd Street, Indianapolis, Indiana 
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Editorial Reprints 





\s manuscripts are projected for pub 
ELECTRICAL 
MANUFACTURING, the board of editors 


lication in each issue of 
determines which editorial articles are 
to be made available to readers in re 
print form. 

Available reprints of articles in this 
briefed here 
MANUFACTUR 


and previous issues are 
ELECTRICAL 
ING reader qualifies for one copy of all 


Any regular 


without charge 


The numerals shown in reprint list 


single-article reprints. 


ing correspond to the number shown on 
postcards incorporated in the Reade: 
Inquiry Cards 


Service beginning on 


REPRINTS NOW AVAILABLE 


International Standards for Motor 
Dimensions Set for Final Approval, 
Mar. 1958, 8 pp. Final proposed 
1.E.C. motor dimensional standards 
for interchangeability between met 
ric and inch systems are presented 


Problems and compromises neces 


y +} 


sarv in achieving this are described 


(70S) 


Ferroelectrics as Solid-State Devices. 
Marc h 1958 


yvpes properties 


12 pages. Summary of 
mechanisms and 
ipplications of nonlinear dielectrics 
is: Capacitors, transducers, resonant 


ind nonresonant amplifiers. ferro 


electroresonant switches memory 


devices (714) 
Designing Minimum Weight Mag- 
netic Cores. February 1958, $ 
pages \ straight-forward proce 


dure for minimizing the combined 


weight ot core Case ind coil for a 
given volt second capacity—can be 


extended to include weight minim 


zation of powe1 supply and othe 
related components. Three exam 
ples given 706 


Evaluation and Applications for Fiber- 
Insulated Magnet Wire. 
1958, 12 pages. ¢ haracteristics and 


February 


ipplication areas of various types of 
lot | 
fiber-insulated, film-insulated and 


composite-ty pe magnet wire. Com 


mercial identifications given. Stand 
irds are listed Comparative ad 
vantages and disadvantages ot 
various types are discussed. Among 


insulating materials analyzed are 
newer materials such as glass fiber 
Dacron polvester varn, nylon vari 
Mylar polyester film, and Quinterra 


ishe stos pape (707) 


page 17 Readers should eure le thane 
numbers indicating the reprints desired 
If multiple quantities of these re 
prints are desired. the rates to gover 
ire indicated below. Remittances must 
accompany all orders. Larger quantitie 


-pecial quotation. 


Cost of 
Single Subject Reprint- 

No. of Vumber of pag 
Reprints 1-12 16-3: 

l (,ratis (,ratis 

5 $2.00 $3.75 

10 250 6M 

Dn 7.50 a 


Logical Cir- 
cuitry and Storage, February 195% 
S pages. This 


review of 


Cryogenic Devices in 


article present 
superconductor und 


mentals and current ipplica 
and developm« nt trends for cr 
genic components in computer logit 
ind storage circuits 711 
Ihe Anatomy of Automation, Jan 

1958 20 pages Tlie 


broad general area of “automati 


and February 


is classified into four major section 


hasic elements 


manufacturing 
control 


mechanized ment! 


plied energy 


ipplic d 
formation 


applied  intelligenc 


operations 


Definitions, examples and disi 


sions of 117 kev automation ter 
ire organized nto 1S sub-classific 
tions fai 


Foamed Plastics for Structural Func- 
tions in Electronic Equipment. ]a) 

1958. 8 Mite. oebial, 

describes use of sandwich-type el 


from foamed pl ist 


wary pages 


ments made 


in mechanical parts such as n 


nl 
ing plates (in equipment, such a 
uirborne electronic systems vhere 


other 
environmental conditions ippl Use 
of toam 
sociated t chnique 


severe vibration and sever 


embedments as ai 


1s ilso rescrmber 


709 


Design Advances from Magnetism Re- 


search. January 1958, 16 pages 


Commercial significance and desig 
promise of new de velopments 1! 
soft magnetic alloys parti ular] 
cube-oriented silicon-iron for powe 
equipment: permanent magnets, 1) 
cluding design techniques tor cur 


rent and soon-coming new 


ils thin 


mate 
magnetic films and other 
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CHOOSE FROM 


TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 
For Air... Oil... 
Askarel Transformers 








An absorbent, unsized 
board of 100% virgin kraft 
stock free of metallic par- 
ticles. Excellent dielectric, 
physical and chemical 
properties. Available in 
natural kraft color. 


ELECTRITE 


Bre Ty 
Pee m mg eure 


A high grade board treated 
with natural rosin size for 
moisture resistance. High 
abt) -B) ig -1al-4 tae gloat ts 
clean. Available in bro 
or black colors. 


DENSITE 
Extremely 
Hard Board 













Also treated with rosin 
size. Used by many man- 
ufacturers to replace 
more costly types of insu- 
lation. Natural kraft color. 






100% VIRGIN 

KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


Phese three grades of West Virginia 


Fibreboard are available in a range 


of thicknesses O31" to .250" for 
PRESSITE and ELECTRITE O31" 
to .125" for DENSITE For more 


information, write to: 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Product: Department, y 


230 Park Avenue, 
New York 17,N.Y 
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promising candidates for compute! 


memory devices: ferrites, garnets 


and the revolution in microwave 


techniques and magneto-optics—as 


disclosed at the 1957 AIEE Con 


ference on Magnetism (704) 
Progress in  Dielectrics— 


1957, 12 pages 


Research 
1957, December 
Annual 
the meeting of the Conference on 
Electrical Insulation (National Aca 
demy of National Re- 

Subjects discussed 

Materials for severe tem 

perature and other environmental 

} 


conditions in supersonic missile and 


on-the-spot staff review of 


ociences 
search Council 
include 


aircraft applications; radiation re 
sistance of silicone Ss: de gradation ot 
Mylar film; insulation life of flexible 


insulation; mechanisms of electrica) 


failure; “treeing” in polyethylene 
cable Table ind gr iphs (712 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages 
Advantages of clutches 

and instrument purposes 


hy steresis 
for control 


ire evaluated, and important cir- 


} } 

cuits inalyzed ( ymplete details ot 
. ’ 

electrical and magnet design I 


these clutches are presented, includ 
ing iltitude 
tions 


considera 


(733 


operation 


New Procedures for Designing Linea 
and Swinging Chokes. 
1957, 8 pages 
usable procedure to save time in 


December 
} 
widely 


{ simple 


the design of linear and swinging 
chokes is described and illustrated 
with specific examples. Complete 
design data and curves. verified by 
use in a design organization, are 


given. (702) 


Design of Cooling Fins for Semicon- 
ductors, November 1957, 8 pages 
Removal of heat from semiconduc 
tor devices 
marily by providing increased sur 
face area. The geometry, material 
selection and dimensions of cooling 
fins for this purpose depends upon 
numerous factors. Calculation meth 
ods with convenient nomograms are 


presented for direct use in the de- 


sign of fins. (710) 


is accomplished pri 


Analysis and Elimination of Corona 
Effects, November 1957, 


A discussion of the causes that lead 


S pages 


to corona with examples of specifi 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 


fects. Test methods for detection 


and location of corona are also de 


(701) 


scribed. 


Housing Design for Centrifugal Blow- 
ers, November 1957, 8 pages. Effect 


} 


of three major factors in housing de- 


sign for single-inlet impellers of the 





Turn in your 
slide rule, 
Smedley! 


Smedley aimed his guided missile 
at the moon—and scored a bulls- 
eye on a farm pond just outside 
Keokuk. The ducks didn’t lay for 
weeks 

Smedley’s mistake: he based his 
on an over-optimistic de- 
livery date by a supplier of lam- 
inations and, as zero hour 
approached, he had to accept 
substitute laminations not meeting 
specifications 

Thomas & Skinner could have 
T&S handles in- 
quiries promptly . quotes real- 
istic delivery dates and then 
ships on schedule with products 
meeting Customer specifications in 
every respect. T &S’s entire staff is 
constantly aware of the importance 
of handling customer orders, no 
matter how big or little the order, 
no matter how big or little the cus 
tomer. All T&S customers are 
VIP's to the T&S staff 

Specify T&S laminations for 
your next project. Write for 
ination catalog, Bulletin 


schedule 


helr . le. 
helped Smedley 





See us at 
Booth 2926 I.R.E. Show, 
March 24-27 


1114 East 23rd Street, Indianapolis, Indiana 
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SATURABLE TRANSFORMERS 
DESIGNED TO MEET 


Mil-T-27A, Grade 4, Class R 
Life expectancy 10,000 hrs. min 
Maximum Altitude 50,000 ft. 


For information <« 


special saturable 


transformers, d 
signed and built 


STOCK MAGNETIC 


AMPLIFIERS 


for immediate delivery 


m 


e- 
to 


your specifications, 


write to Saturab 


| 
Transformer Engi- 
| 
| 


neering Departmer 


Chicago Standard 
Corpo- 


Transformer 
ration. 


All Primaries 115V., 400 cycles 


Power Ovtput in watts 
Voltage Output, volts 
Load Resistance in ohm 


Tuning Capacitor, MFD 


le 


wt, 


STH-3 


STH-5 


15 


Primary Current in omps 


Control Current, MA 


Control Coil 
Res. (Par Coil) in ohms 


Control Coil By poss 
Capacitors, MFD 


Bose Area, Dimensions 
Height, in 

Mig. Ctrs., in 

Actual Wt, Lbs 


in 


Typical Servo-Motor Lood 


Keorfott 
G.M. Lobs 


SEE CHICAGO TECHNICAL BULLETIN /CT-39 FOR ADDITIONAL INFORMATION 


DESIGN 
WITH STOCK 
TRANSFORMERS 


CHICAGO STAND 
PTC Ete 


et ee ee a! 








for fast delivery, economy and 
proven performance—over 
1100 stock units are available 
from Chicago Standard. Write 
for free catalogs. 





ARD TRANSFORMER CORPORATION 
STREET + CHICAGO 18, ILLINOIS 


Agencies, Inc., 431 Greenwich St., New York 13, N.Y. 
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squirrel-cage type are considered 
scroll shape, housing width (with 
respect to blower width), and 
geometry of inlet ring. Test data are 
analyzed as basis of choice of the 
design parameters 705) 
Evaluation of Enameled Magnet Wire 
And Applications, October 


20 pages. A detailed review of the 


1957 


major types of enameled magnet 


wire, with properties appraised in 
relation to specific areas OF pre duct 
pplication. Types of wire reviewed 
] with 


nylon, 


} 
plain ehamei, 


nylon-Formvar, 
Teflo: 
nd polyure thane. Detailed 


tables rt 


mclude the SE 
Formvar 
polyester, epoxies, Teflon 
i¢ rylic, 
rtie lice , 
properties, pplication 
areas, idvantages ind 1sadval . 
tages otf specific type s, trade names, 
ind ippli able standards 729) 
New Relay Forms for A-C Operation, 
October 1957 


yf the disadvantages of existing a- 


8S pages. Discussion 


f using 


Two basically 


relays and of the methods « 
i-c relays on a-c. 
new forms of relay for intrinsic a 

Naval Air 
Development Center are described 
with details of their deve lopm«e nt 
including methods of magnetic cit 


cuit analysis. 722 


ise developed it the 


lransistor-Magnetic Amplifiers, Sep 
1957, § pages. Seve 


three i-( sery 


tember 
bination circuits: 
implifiers; pulse-width modulate 
l-c switch: d-c to a servo ampli 
hers i-c to d-c regulated p 

low level d-« harm j 
Vpe implifier 72 


supply 


Insulation 


1957. S page 


Acoustical 
Problems. August 
Newer types of 


Thermal and 


+} ] ; 
hermal nmsulav 
] 


; ] ] 
Vit wed particular Wi Tel 


ire re } 


tion to current requirement 


Applications 


liscussed in refrigerated equipment 


plian 


| design 


vate! he iters ill cond . 


] 


tioners ind l 


home laundry 
ment. Materials discussed include 


improved types of 


as fille ad 


fibi us dias 
insulation cellular 
molded fibrous glass 


Acoustical de sign pl ble ms are als 


foam plastic Be 


inalyzed and applic itions of fibroi 
described Pri 


rature 


co S perty 
glas pert 


} 


ith} tiicti bhed ‘pps 


itions illustrations 7 


Numbering Systems, September 1957 
S pages. An easy-to-re ad but stimu 


lating discussion of the concept of 


number and the basic arithmetic of 


positional numbering systems wit} 


inv base: binary (2), ternary 
quaternary (4), quinary (5), deci 
mal 10 duodecimal 12 ls 


\ neede 


coded decimal numbers 


ELECTRICA 








| he world renowned firm ot Dec heron in Geneva 
has been using Natvar 400 tape to great advantage 


for years 









The excellent electrical and physic al properties of 
Natvar 400, its exc eptional uniformity and ease of 
application, have made it the choice of leading 
manutacturers of electrical apparatus and equip- 


ment both in this country and abroad. 


It you are a user of flexible electrical 
insulating materials, it will pay vou to 
get in touc h with your Natvar distribu- 


tor or with us direct. 


Seche 


| ation in Angola 





3000 kva, 6300 volt, SOO pm 
b- phase alternator built by 


ron of Geneva for instal- 


5 

Natvar Products o_ 
: Varnished cambric—cloth and tape ? Coil ends are neatly wrapped 
- Varnished canvas and duck z with Natvar 400 extruded vinyl 
. Varnished silk and special rayon tape for dielectric and mechan 
‘ Varnished—Silicone coated Fiberglas ae 


Wien ITERATE Helier: ~ 








e@eee#eee##@# 


@ Extruded vinyl tubing and tape 
® Styrofiex® flexible polystyrene tape 


@ Extruded identification markers 


Sas Genesee mmaery 





Varnished papers—rope and kraft 





Slot cell combinations, Aboglas © 


Isoglas” sheet and tape 







Isolastane” sheet, tape, tubing 
and sleeving 


Viny! coated—varnished tubing 
and sleeving 


NATYAR conronsrion im 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 
207 RANDOLPH AVENUE e WOODBRIDGE, NEW JERSEY 
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Newest Additions to the Anderson Line.. . 


You can always rely upon Anderson to stay 
cheed with new developments in 
SOLENOIDS. in response to many needs and 
requests, this new “’C” series has been 
developed . . . send for samples today. 


MINIATURE 
Tyree ¢=-5 


Big power in a small pack- 
age. Size 58”x%"x1%”". 
Avaiiable for A.C. or D.C. 
service. Construction in- 
cludes nylon plunger 
guide to minimize wear, 
insuring long life. 





Type ¢=-8 
Low cost solenoid devel- 
oped for appliance and 
vending machine applica- 
tions. Size 1%” x 1%” x 
1%” A.C. service only. 
Available in pull or push 
types and with spring re- 
turn. 





Do you need a small, efficient, durable 


solenoid for your application? . . . Look no Q om A 
further. ANDERSON WILL DELIVER WHAT f ht 2 
YOU WANT, from stock . . . or custom i i 
types to your specific requirement. cE & 


Your inquiries are invited. 


———————_-_—__—_—_————_——_——_——— ———k—kKk\® _——————— > : 
SEND FOR NEW 1958 CATALOG TODAY! a -| 


General Offices: 2777 Mannheim CUr mrs a ee 
Phone: VAnderbilt 4-3147 





Factories: Des Plaines and Woodstock, Illinois 
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SOLENOIDS 


| 
| 





background for computer and nu- 
merical control system design. 
(703) 


Minimizing Partially Developed Relay 


Tree Circuits. August 1957, § 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange- 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


High-Precision Electromechanical Lin- 


ear Measuring Systems, August 
1957, 16 pages. A critical evaluation 
of accuracy, linearity, resolution 
and sources of error in position 
measuring transducers for closed 
loop machine-tool controls: differen 
tial transformers and capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and_ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
“Inductosyn;” Canadian Westing 
house “Nultrax.” (725) 


Design Procedures for Special Type 


High-Temperature Transformers, 
July and August, 1957, 20 pages 
A two-part presentation of step 
by-step design procedures for high- 
temperature transformers of the 
following types: transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal 
anced magnetization and vibrator 
supply transformers. (735) 


Integration of Dielectric Materials 


Processes, Components, July 1957 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro 
chemical Society. Property and ap 
plication data on fluorinated gase 
ous. dielectrics and_ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics for 
500-C capacitors. Problems in ther 
mal evaluation and classification of 
insulation. Statistical studies in in 
sulation life. Tables and graphs are 


included. (721) 


Relay Design Targets, June 1957, 12 


pages. Report of the 5th Electro 
Magnetic telay Conference held at 
Oklahoma A & M College in April 
deals with relay design, application 
and testing. Much of the latter has 
to do with selection of relavs for 
reliable operation under extreme 
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This fastener 
works 
through thick and thin! 


Ez. f= 


< a + ae 






> 
. . 
i x a 
= ty *. 358 ns 





HERE’S HOW SPRING-LOCK WORKS 


Spring-Lock—the easy-to-use removable fastener for mod- 
ern designs— works whether panel thicknesses run over 
or under specifications! Spring wire deflects automatically 
to handle greater or lesser thicknesses. Spring-Lock’s de- 
sign flexibility makes it more than a fastener: it can be 


adapted as a shelf support, door strike, knob or any 





similar panel-mounted device. Many standard shapes and 





2. Half-turn locks it in place. 


sizes of Simmons Spring-Locks are available from stock. 


With production costs on the uptrend, you can 
. van / : . . fe (). ve & S . ‘ ? ° 

SEND TODAY for your copy of the NEW 40-page Simmon figure on Spring-Lock as an assembly time 
Catalog. Complete information, engineering drawings. and money-saver, because: 
ind application data on Spring-Lock and other Simmons 


ae ae nstallation is BLIND 
Fasteners. Engineering service is available. Samples on @ Installat is BLINI 
request @ Installation is EASY: no special tools are 
needed 
s mur 8-page condensed Catalog in Sweet's 1958 Product Design File. . e -:r ° 
Visit + Booth 1020 @ Installation is QUICK: a half-turn locks it 
sit us a s00th LUZ 
DESIGN ENGINEERING SHOW in place 
International Amphitheatre, Chicago ee ° 
April 14-17, 1958 @ Installation is SECURE: the spring steel 


locks the fastener, resists vibration 
«i A VION FASTENER CORPORATION (752 North Broadway, Albany 1, New York 


QUICK-LOCK + SPRING-LOCK «+ LINK-LOCK « HINGE-LOCK +» ROTO-LOCK +» DUAL-LOCK 
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NOW! 


For Immediate Delivery! 


Over $1,000,000 tn 
ASCO Solenoid Valves 
Regularly Maintained 
In Stock 


2-WAY 
Normally Closed and Normally Open 
Pipe Sizes: ¥e”—2” 
Pressures: to 1500 P.S.1. 
Voltages: 115-230-460 60 
Solenoids: General Purpose, 
Watertight, Explosion Proof 
Services: Air, Water, Oil, Gas, Steam 


3-WAY 
Normally Closed and Normally Open 
Pipe Sizes: 4e”—12” 
Pressures: to 600 P.S.}. 
Voltages: 115-230-460 /60 
Solenoids: General Purpose, 
Watertight, Explosion Proof 
Services: Air, Water, Oil, Gas, Steam 


4-WAY 
Pipe Sizes: '4”—1” 
Pressures: to 300 P.S.1. 
Voltages: 115-230-460/60 
Solenoids: General Purpose and 
Explosion Proof 
Services: Air, Water, Oil 


HAND RESET 

2-WAY 
Pipe Sizes: ¥2”—1” 
Pressures: to 250 P.S.1. 
Voltages: 115/60 
Solenoids: General Purpose 
Services: Air, Water, Oil, Gas 


3-WAY 
Pipe Size: 33” 
Pressures: to 250 P.S.I. 
Voltages: 115/60 
Solenoids: General Purpose and 
Explosion Proof 
Services: Air, Water, Oil, Gas 


STRAINERS AND FILTERS 
Pipe Sizes: “e”—3” 
Pressures: 250 P.S.1.; 450°F 
Services: Air, Water, Oil, Gas, Steam 





Special purpose solenoid valves and ac- 
cessories are also stocked. 

All sizes and types of ASCO Solenoid 
Valves now carried in stock by our ware- 
house in Los Angeles, and by stocking 
distributors in all principal cities. 


Send for ASCO Solenoid Valve 
Stock List and Selection Guide. 





Automatic Switch Co: 
50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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conditions of shock and vibration, 
such as encountered in missile cir 


cults (717) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages 
Revised specifications for the appli 
cation of electrical apparatus to 
welders and other industrial equip 
ment, as adopted by the Joint In 
dustry Conference held in Detroit 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5 
$3.75: 10—$6.00: 25—$19.50: 50 
$920.00: 100—$830.00. Send check 
with order pavable to The Gage 
Publishing Company, 1250 Sixth 
Ave New York 90 New York 


(724 


Considerations in Testing Thermistors. 


May 1957, 5 pages. Proper meas- 


urement techniques for design and 


icceptance testing of thermistors 
Methods are described for dete: 
mining resistance voltage time 
delay, and temperature-resistance 
slope 715 


Temperature Rise in Servo Motors. 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise spec ifications, and a discussion 
of basic heat transfer laws Ex 
amples worked out. Tables of 
thermal conductivity and heat trans 
mission included. (734) 


Multiple Reprints 


Multiple Reprints (reprints or com- 


pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be ac companied 
by remittances. Large quantities 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. An annotated _bibliog- 
raphy of articles in electrical insula- 
tion and dielectrics is included. 


$2.00 


Human Engineering in Equipment | 


Design, 94 pages. Ten previously 


published articles dealing with the | 


theory, techniques and practice of 





See 


Mohawk, 







the 
threaded 
stampings 


people 


Write today for Bulletin 103 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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ASWVAG makes 


Solenoid Valve selection simple | 


Comprehensive Design Engineering Data Now Available 
Keys Proper Solenoid Valve to Application 


Specifically designed to make the selection of solenoid valves simple, 
the ASCO Valve Catalog gives you the most comprehensive engineer- 
ing data available to aid you in your solenoid valve selection. 

Here are 114 pages of up-to-date valve information. These pages 
incorporate detailed engineering sections. Finding the proper valve 
for your particular application is made easy by a simple master index 
which leads you to a separator where you will find all the valves of 
the type you require. Each separator has a more detailed index which 
will enable you to turn right to the valve bulletin needed to meet 



















your particular requirements. 


CORROSION RESISTANT VALVES 


PCR RS UU RT e Includes 2 and 3-way solenoid 
; Pr ame Mr a et 


safety shut-off applications. 
Pe OM Me a me 
Sar De Pit aa ae 


MANUAL RESET VALVES 


. S 





You may order the complete catalog or individual sec- 





ure ae) PCat ea 
automatic vaives for pile pa CUE Pe os 
selenoid cons ruction bt ae 


control a a Baxi pir 
eu 


asta 
SPECIAL 


SPECIAL PURPOSE VALVES 
AND ACCESSORIES 


Se ee 
pe oe PT Me mel 


solenoids, laundry valves, 
cylinders, etc. 





See us at the Design 








tions or bulletins. You will find easy to use return reply 
cards in each catalog for ordering additional literature. 
Also available is the Electromagnetic Control Master 
Catalog 57-S or any one of the six sectional Catalogs 
covering Automatic Transfer Switches, Remote Control 
Switches, Contactors, Relays, Solenoids or Electric 
Plant Controls. 


Circle 294 on page 17 


Any of these important engineering reference 
aids may be obtained by writing Automatic 
Switch Company — on company letterhead 
only please. 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 


Engineering Show Booths 
f 481, 


483 


and 485. 








ACME ISONEL WIRE 


Plus Acme #150 Varnish 
Equals Class B 
Equals MIL-T-27A, Class $ 


Freed Transformer Co., Inc., Brooklyn, N. Y., 


a leader in engineering and manufacturing 


of transformers and reactors for the electronics 
industry, has found in the above equation the 
solution to the manufacturing and performance 
problems of Class B (MIL-T-27A, Class S) com- 
mercial and military units. 


Acme ISONEL Wire is a Class B (MIL-T- 
27A, Class S) wire. However, optimum insula- 
tion system performance can be achieved only 
when this wire is impregnated with a compatible 
varnish. Acme +150 is that varnish. 


Acme +150 Varnish does not require a high 
temperature cure. It has excellent resistance to 
oils. 


Acme +150 Varnish meets all the require- 
ments of Specifications MIL-V-1137A, Class 
CB, Type M, for government equipment. In 
fact, it exceeds the heat resistance require- 
ments of this Specification by 50%. 


Acme +150 Varnish improves thermal 
stability, while maintaining dielectric strength, 
when used in Class B (MIL-T-27A, Class S) 


windings. 


Integrated Electrical Products of Highest 
Quality for More Than Fifty Years 


Wire 


NEW HAVEN, CONN 


Aeme 


THE ACME WIRE CO 





MAGNET WIRE e COILS 


VARNISHED INSULATIONS AND COMPOUNDS 
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INSULATING VARNISHES 





human engineering written for the 
special needs of the designer ot 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations, and training devices. Meth 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do’s and 
don’ts” and other practical design 
aids are provided. Several articles 
give detailed bibliographies. 
$2.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses are a signif 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol 


lowing prices per copy apply 


Quantity 

Title 5 25 
Casting Resins 1.75 1.50 
Human Engineering 995 3.00 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 


a | 


short-cut to 
RESEARCH! 


e Hundreds of design and re- 
search engineers have provided 
themselves with personal file copies 
of the 


ELECTRICAL 
MANUFACTURING 
5-YEAR ANNOTATED 
EDITORIAL INDEX 


The 60-page book lists by func- 
tional subject classification—with 
succinct annotations—every fea- 
ture article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period, 1951-1955. 


Per copy price is $2.00 on orders 
accompanied by remittance (add 3 
per cent sales tax for New York 
City delivery). Please make remit- 
tance payable to The Gage Pub- 
lishing Company, 1250 Sixth Ave- 
nue, New York 20, N. Y. 








ELECTRICAL MANUFACTURING 








Readin’, ’Ritin’, and Reliability 


3 


Synthane plastic laminated bush- 
ings and breaker arms for auto- 
motive ignition. 





MARCH 1958 


Dependable operation of a school 
bus, a truck, or your own car involves 
the functioning of many parts. One 
breakdown can wipe out the memory 
of ten thousand trouble-free miles. 


Some of these parts are made of 


laminated plastics. They’re usually 
unseen, unsung, small in size yet effi- 
ciently performing their job. 

Their cost is relatively insignificant 


when compared with the cost of 


equipment in which they work, but 
it should be sufficient to insure de- 
pendability. 

Actually, what you pay for Syn- 
thane laminated plastics is little or 
no more than you’d pay for any 
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other plastic laminate. But the Syn- 
thane price includes top quality ma 
terials, product control, excellent 
facilities and workmanship, an as- 
surance of continuous supply, and 
a long reputation for fair dealing. 

If you are interested in a reliable 
source of laminated plastics—sheets, 
rods, tubes, or completely fabricated 
parts, write for an interesting catalog 
or call our representative nearest you. 


Seen 


SYNTHANE CORPORATION, 1I7 RIVER RD., OAKS, PA 
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TO CUT OUT 
STARTING 
WINDINGS 





SYNCRO-SNAP switches operate 
on a fundamentally new principle 
which avoids frictional compo- 
nents, and results in “instanta- 
neous” snap action. 


Check these advantages: 


@ Instant switching action. 

e Frictionless’’ operation. 

@ Accurately predictable settings 

@ Uniform operating characteristics 

@ Wide range of cut-out speeds 
furnished to match maximum 
pull-up torque requirements 

@® Wide range of cut-in speeds to 
eliminate regeneration effects, 
especially in large motors 

@ Switch consists of only 3 simple 
Parts 

@ Large selection of standard sizes 
to meet most requirements. 

@® Specials available on order. 

@ Matching stationary switches fur- 


nished in open or closed types 
with required contact materials. 


WRITE, WIRE OR PHONE TODAY 
FOR DETAILED INFORMATION 


34 W. Monroe St., Bedford, Ohio, 
BEdford 2-4100 
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Association Activities 





Program Completed for 





3rd Design Engineering Conference and Show 


program has 
Third Design 
Conference to be held 
concurrently with the 1958 Design 
Engineering Show at the International 
Amphitheatre, Chicago, April 14-17. 
The conference is sponsored by the 
Machine Design Division, American 
Society of Mechanic il Engineers. Pa 
pers were arranged by a special ASME 
\uxiliary Papers Committee composed 
of the chief 


The technical papers 
been completed for th 
Engineering 


editors of four design 
publications: Colin Car- 
Vachine Design; Henry R 
Clauser, Materials in Design Enginee 

Nordenholt, Product 
(1932-1957). and Frank J 
Oliver, ELectricaL MANUFACTURING 


engineering 


michael, 


ing; George F. 
aad 

The conferences on Monday and 
Thursday will cover broad areas of 
interest to all design engineers and 
managers. The 


conference session will be 


engineering opening 
a panel o1 
“Putting the Design into Production.” 
The closing session will include two 
papers on the exchange of engineering 
information. Three 


sions dealing respectively with mechan- 


simultaneous ses- 


ical design, materials, and applications 
of power and control will be held on 
each of the two middle days of the 
four. 

Dr. J. T. Rettaliata. president, Tlin- 
ois Institute of Technology, will address 
the luncheon at the Stockyards Inn. 
Tuesday, April 15, on “Creativeness 
Key to Industrial Progress.” 

The exposition, produced by Clapp & 
Poliak. Inc., New York, has grown to 
one of the largest annual industrial 
shows in the country. It will have an 
exhibit area of 125,000 
sq ft, more than four times the size 
of the first show held in Philadelphia in 
1956. More than four hundred com- 
panies will exhibit and more than 20.- 


more than 


000 visitors are expected. 
The program follows: 


Monday, April 14 


“Putting the Design into Production” 
PANEL MEMBERS: 
Leo Kevitt, manager of manufacturing 


instrument and Alemite 


Warner Co., Chicago. 
Joseph Manuele, 
quality control, 
Corp., Pittsburg! 


Donald I] Harwood. 


division, Stewart 


director, headquarters 


Westinghouse Electri: 


vice pre sj lent, 





purchases, Fairt ks, Me & ( 
cago 

H. Walter Regensburger, chief engine 
general e! ieering departme Lir 
felt Co.. Chica 


Tuesday, April 15 (Concurrent 


Session: Mechanic 
*‘Mechanical Memory Devices,” 
Arthur Mire] issistant section 
ager, general engineering laborators 
American Machine & Foundry ¢ 
Greenwich, Conr 
‘‘Automatic Inspection,’ Da H 
McConnell, manager, autometr G 
sion, Sheffield Dayton, OF 


SESSION 


Materials 

“Shock Resistance of Plastics,”’ 
G. R 
testing and specification unit Picatinr 


Arsenal, U. S. Army, Dover, N. J. 


“Uncommon Engineering Metals,” 


> ; ¥ : ter 
R igger cn piast $s materia 


John P. Denny, physical metallurg 
spec ialist ind Louis I Kenda . Jr 
nuclear materials specialist genera 


engineering laboratory, General Electr 


Co., Schenectady, N. Y 


Session: Power and Control 


“*Electro-Hydraulic Systems on Machine 
Tools,’ by Edward J. Rivoira, manager, 
electro-hydraulic and gaging division. 
and A. H. Dall, director of standar 
machine tool engineering, The Cincinnati 
Milling Machine Co 


“Electro-Hydraulic Systems on Aijr- 
craft,” by F. L. Moncher f 


engineering, aero-hydraulic division, and 


Cincinnati, Ohio. 
director of 


L. D. Taylor, assistant chief developn ent 
engineer, research and developmer t 


division, Vickers, Inc., Detroit, Mich 


Wednesday, April 16 (Concurrent 


Session: Mechanical 

‘Problems in Designing Automatic Ma- 
chinery,”’ by Maurice J. Faltot, assistant 
chief engineer, New Jersey Machine Cx 
Hoboken, N. J. 
“Lubricant Considerations in Central- 
ized Systems,” by Robert K. Gould and 
Richard D. Skoglund, Texaco researc! 
center, Texaco Co., Beacon, N. Y. 

Session: Materials 
“‘Compatibility of Metals in Bearing 
Contact,”” by Carl | 


research engineer, 


Goodzeit. senior 
General Motors re- 
search staff, General Motors Corp., De 


troit. 

“High Strength Structural Sandwich 
Construction,” by W. E. Dirkes, chief, 
plastic products section, Wright Air De- 


velopment Center, U. S. Air Force, Day- 
ton, Ohio. 


ELECTRICAL MANUFACTURING 





MARCUM IO6 SNCS 4277 VE PEGS ff ovUl 


NSTEEIT 


ECTRICAL 
NTACTS, 


-Fansteel Metallurgical Corporation 


NORTH CHICAGO, ILLINOIS, U.S.A. 


b eo 
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by R. George Roesch 


Automatic Wire Processing 
with Standard Equipment 


When standard equipment can be _incor- 
porated into a system for automatically 
stripping, fluxing and tinning coil leads, the 
cost of such equipment is invariably much 
less than that of special equipment 


The benefits of mechanizing any operation 
are (1) uniform quality, (2) fewer rejects 
and (3) lower inspection costs 





For example, using a standard wire strip 
per such as illustrated, we have made auto 
matic coil lead straightening, trimming and 
stripping equipment for Electric Auto-Lite 
Ford Motor, General Electric, Westinghouse 
and others. (Note: Each system was de- 
signed and built to meet the individual re 
quirements of the user.) 


A COMPLETE PROGRAM generally 
works out like this: 


1. Your Products and Your Present 
Methods are studied by our en- 
gineers, without obligation to you. 


nN 


- When we are certain we com- 
pletely understand your needs and 
wishes, a Program of Engineering 
and Experimental Work will be 
submitted. (NOTE: Nothing will 
be undertaken until Proven Meth- 
ods have been experimentally de- 
veloped.) 


3. This Program will tell you (a) 
How Much Time will be required 
and (b) The Maximum Cost of 
Engineering and Experimental 
Work. 


4. If you accept this program, the 
results must meet your own speci- 
fications. Otherwise there will be 
no charge made by us. 


5. Assuming the experiments made 
prove the job can be done, we 
will then submit Schematic Draw- 
ings and a Quotation for your 
consideration on all the equip- 
ment needed to perform the de- 
sired operations. 


If you are making Coils in large numbers 
we'd like to hear from you 


THE ERASER COMPANY, INC. 
1068 S. Clinton St., Syracuse 4, N. Y. 


It is said Tin Research Institute that 
soldering of silver-plated contacts can be 
facilitated if the surfaces are first immersed 
in a cold solution of 8 thiourea in S* 


hydrochloric acid 
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Calendar of Meetings 


Mar. 19-20--Sixth Engineering 
Management Conference, sponsored 
by ASME and AIEEE. Hotel Somer 
set. Boston. Mass 


Apr. 14-15 Ninth 
Plastics sponsored by 
the AIEE Rubber and Plastics In 
dustries, Sheraton Mayflower Hotel, 
Akron. Ohio 


Rubber and 
Conterence. 


Apr. 14-16—-First Joint Conference 
on Automatic Techniques sponsored 
by ATEE, ASME, IRE, Hotel Statler, 
Detroit. Mich 


Apr. 14-17 
Conference and Show, International 
Amphitheatre. Chicago. Tl 


Design Engineering 


Session: Power and Control 

“Integrating Mechanical and Electrical 
Design in Servo Systems,” hy Walter 
I McCann, assistant chief engineer 
Giddings & Lewis Machine Tool Co 


Fond du Lac, Wis. 


“Solving Mechanical-Electrical Problems 
in Servo Systems,” by Glenn Ertell. 
specialty control department 
Electric Co.. Wavnesboro. Va 


General 


Thursday, April 17 


sSrssion: General Engineering 
“The Information Center of Tomorow,”’ 
by Allen Kent. associate director. and 
James V 
Documentation and Communication Re- 
search. Western 
Cleveland. 


Perry. director. Center for 


Reserve University, 


“A Central Catalogue File Saves En- 
gineering Time and Money,”” hy James 
1.. Dykes. supervisor, commercial records, 
management, engineering department. 


FE. TI. du Pont de Nemours & Co. Wil 
nington. Del 


American Ceramic Society Forms 


New “‘Electronics Division” 


The American Ceramic Society has 
division—The Elec 
created by the Board 


of Trustees at its December meeting 


formed a new 
tronics Division 


in response to an overwhelming de 
mand for scientists, producers and con- 
sumers interested in ceramic compo- 
nents for use in the electronics industry 

The first’ technical 
presented will be a part of the Annual 


program to be 


Meeting of the American Ceramic So- 
ciety. to be held in the Penn-Sheraton 
Hotel. Pittsburgh. Pa. during the 
period April 27-May 1. 1958 


Apr. 17-18 2nd Annual Meeting 
Institute of Environmental Engineers 
and the Equipment Conference of 
the Environmental Equipment In 


stitute. New Yorker Hotel, N. Y 


Apr. 18-19 Twelfth Annual 
Spring Conference on Television and 
Engineering Society of 


Me Millan 


Pransistors, 
Cincinnati Bldg.. 1349 F 
St.. Cincinnati, Ohio 


June 9-13 Fourth International 


Automation Exposition and Con 
eress, New York Coliseum, N. Y 


June 16-18 Second National Cor 
vention on Military Electronics 
Sheraton-Park Hotel, Washington 


D.C. 


W. P. Lowell, Jr., Elected President of 
RLM Standards Institute, Inc. 


William P. Lowell, Jr., 
commercial engineering and 
control for the Lighting Division o! 
Svlvania Electric Products, Inc., has 
been elected President of RLM Stand 
ards Institute. Inc. after 
vice-president for two years. He ha- 


manager 0! 
quality 


serving a- 


served several years on the Institute ’- 
Board of Trustees. 

The Institute has as its organiza 
tional purpose the establishment ot 
quality standards for industrial light 
ing equipment. 

\ graduate of Massachusetts Insti 
tute of Lowell 
Svlvania’s predecessor company, The 
Hygrade Lamp Co., in 1929. During 
his 28 vears with Sylvania, he has beer 


Technology. joined 


engaged in virtually all phases of the 
from the life testing 
of incandescent lamps to the design 


lighting industry 


of fluorescent lighting fixtures 


Wire and Cable Section of NEMA 
Reelects Officers 

Bb. F. Isley. general 
and Cable Dept.., 


(10... was reelected 


manager. Wire 
Electric 
chairman of the 
Wire and Cable Section of the Na- 
tional Electrical Manufacturers Asso 
ciation at its recent 3-day annual meet- 
Atlantic City, N. J. 
The Section also re-elected its two 
David E. Allen. vice- 
president—sales. Anaconda Wire and 
Cable Co., and H. B. Bassett. president 
The Acme Wire Co. 

The Section also considered the 
formation of an aircraft wire group to 


General 


ing in 


viee-chairmen 


ELECTRICAL MANUFACTURING 














If it’s precision you're after, 


call a Hoover Man 


Some people are exacting about every- ings for virtually every major indus- 
thing they do. Precisely the way we try in the country for 35 years. Why 
feel about Hoover castings—alumi- not try us out? Just get in touch with 
num and zine alloy ones, that is. us and let one of our Sales Engineers 
We've been producing precision cast- give you the whole story. 


© 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 


In Canada, Hamilton, Ontario 


DIE CASTING » HOOVER 
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work on standards problems involvea 
in this particular product, but deferred 
a decision on the matter until next 
year. 
There are thirteen Members were informed of plans be- 


ing made for the proposed production 


SPRI NGS of wire and cable technical handbooks. 
Under this proposal, NEMA would is- 
os sue technical data on individual wire 


and cable products which would be 


i i based o industry standards. This in- 
E in this dependable ee ee ris in 


formation would replace similar tech- 








nical data now included in individual 


AGASTAT’ | oo" 


time delay relay 


Improved Flow of Information on 
Electrical Insulation Planned 





The need for improving the flow. of . + 
information on existing and new elec- 
trical insulating materials was agreed 
on at a two-day meeting held in New 
York City. December 10 and 11 
Called by the working group of the 
proposed Electrical Insulating Mate- 
rials Association, it was attended by 
representatives ot technical societies 
trade associations and the working 
group on December 10. On December 
11, a meeting comprised principally of 
representatives of manufacturers of 
electrical insulating materials was 
—because |I-S Beryllium held at the Barbizon-Plaza Hotel. 
Copper Springs provide — All present agreed that it was im- 
portant that end users of electrical in- 
e EXCELLENT ELECTRICAL —wingy e pa ‘lal <r = 
CHARACTERISTICS age ei ’ 
¢ COMPLETE FREEDOM (ction to form the proposed EIMA 
FROM FATIGUE was postponed indefinitely, but it was 
e SUPER PRECISION ACCURACY decided that the working group should 
continue its efforts and assist various 
AGASTAT* time delay relays are known technical societies and trade associa- 
world-wide for dependability... function tions to carry out the purpose of the 
faithfully in tropic heat and polar cold. The scope discussed at the meeting 
thirteen I-S Beryllium Copper Springs in- A ek cay: aii 
corporated in the design help maintain the ee ee eee reer 
reputation of AGASTAT for exceptional Parts—They Can Be Versatile,” re- 
dependability in continuous service. I-S viewed some of the pertinent history 
Engineers are widely experienced in design- and current effort on reliability lead- 
ing beryllium copper springs to obtain max- ing up to a proposal for the issuing 
imum performance at minimum cost. They of a “Geperal Specification for Elec- ‘ : 
will gladly make recommendations for solv- _ | tronic Parts” which could provide the 
ing your particular problem. means of obtaining versatile standard 
CATALOG AVAILABLE on Beryllium parts and components. In his paper, 
Copper compression springs, flat springs, Mr. Neuschaefer concludes that such a 
strip springs, contact strips, contact rings specification should provide a ready 


and screw machine parts. Call or write for 
your personal copy today, or consult Sweets’ 
Product Design File. 


means of reference to define objectives 


for new part development: should 





specify operating conditions in a uni- 
*AGASTAT is a registered trade mark of Elastic Stop 


/ ’ D I form manner: and should provide a 
Nut Corp. of America, 1027 Newark Ave., Elizabeth 3, N.J. 


means of approving standard parts for 


Pr. INSTRUMENT peculiar applications. Mr. Neuschaeter 


also states that a general specification 
SPECIALITIES CO .- INC would minimize the number of ap- 
254 Bergen Bivd., Little Falls, New Jersey proved parts without restricting ap 


Telephone: CLifford 6-3500 plication of available parts within 
their capabilities 





PROCESSED 


~ > ij Sax USE READER INQUIRY SERVICE 
& ~See-.. CARDS ON PAGES 17 AND 19 
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Glass-to-Metal Seals a discernible flow. The nozzle is moved over all portions 
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ce TENA © . ~ 
CALL OUT GAL IOL PLUS 
Improvements are constantly being made in Cannon connectors to give you 
maximum reliability in circuitry under constantly increasing highly critical 


vibration conditions. New lines...improvements on the MS-E design... 
include the EX, the CT, the EA, and the EB Series. 


You'll find Cannon vibration and moisture-proof resilient-insert lines 
extensive and complete, in hundreds of carefully designed layouts. Inter- 
facial sealing. Improved grommets and grommet followers. Styles with extra 

. strong coupling nuts. Telescoping rubber bushings. Strong clamps. Means 
for safety wiring. Grounding lugs. Every facility to give solutions to vibration, 
moisture condensation, flashover, and corona problems. 


Vibration-proof Series include MS-E, CA-F, EA, EB, EX, and CT. Write 
TODAY for full information. 





e 
MS-E (Series CT) CA 3100 F MS.-E (Series ME) EX 06 
Socket Assembly Wall Mounting Receptacle 63 Inserts Available Plug Assembly £ 
Ask for Ask for Ask for Ask for 
MS-E Catalog AN/MS Catalog MS-E Catalog EX Catalog 0 a Qo 
~@» 
WIENS 
‘ 
SAusON d 
PIUKS 
WHERE RELIABILITY Is THE &}'" DIMENSION Write for 44-page, 
wv, » A 4 2-color Plug Guide, ay 
as * A Bulletin CPG-3 ~ 
va prthe ; 
Piease Refer to Dept. 500 aa 


CANNON ELECTRIC CO., 3208 Humboidt St., Los Angeles 31, Calif. Factories in Los Angeles, Salem, Mass., Toronto, ~ os 
Melbourne, London, Manufacturing licensees in Paris and Tokyo. Representatives and distributors in aif principal cities. = 





Glass-to-Metal Seals 


Continued trom page 114) 


forming will be to advantage. Excellent seals are avail- 
ible. however. using stainless steels of the 3500 series. 
\n increasing number are being manufactured from 


Monel.” 


colombium eyelets show some promise. Most compression 


Experimental quantities using tantalum and 


designs use a nickel-iron alloy for the terminal. 

Special applications may dictate the use of Dumet and 
Sylvania No. 4. Attempts are being made to provide seals 
of comparable quality using other metals for the header ot 
evelet. but the problems are many. It is theoretically 
possible to make a seal with any high melting point metal 
by the choice of the proper glass. but the difficulties of 
producing such seals. in quantity. at competitive prices. 
present a complex problem in which success may be an- 
ticipated but progress is necessarily slow. 

Plating and Finishes. 
allovs that may be used. seals can be designed using a 


In addition to the various 


wide variety of protec tive finishes to meet specific prob- 
lems. Since most seals are soldered into position, the most 
common finish employed is the so called “hot tin dip,” a 
finish of tin-lead solder (proportions 63/37 or 60/40) 
This coating. when applied over a correctly cleaned part, 
permits rapid soldering by conventional methods. It also 
offers excellent corrosion resistance. Where the seal is to 
be welded. elec troplated finishes are often spec ified. Tran- 
sistor bases use gold plate of various thicknesses and this 
plating is also specified for certain multi-headers. Con- 
nectors of the AN type tor 


cadmium plate. These in addition to silver, copper. nickel. 


military service require 
tin. fused tin, are typical available plating finishes. 

Leakage Specifications. The primary requirement 
for any acceptable glass seal is that it be leak free. The 
history of seal specifications shows a continuing effort to 
define this characteristic clearly and with sufficient strict- 
ness to overcome anticipated service conditions. Orig- 
inally. complete assemblies were submerged in water and 
pressurized. The test consisted in watching for the ap- 
pearance of bubbles of the pressurizing gas. Something of 
an improvement resulted when alcohol was substituted 
for water, but the test was vague. It was difficult to locate 
the point of leakage. Since it had to be performed on com- 
pleted assemblies. salvage was expensive if not impossible. 

Development of commercially available helium-sensi- 
tive leak detectors pron ided a satisfactory solution to this 
particular problem. These devices measure extremely 
small leaks by measuring the rate of flow of helium gas 
introduced as a tracer. they offer a number of advantages. 
Helium is sufficiently rare in the normal atmosphere that 
false indications are unlikely. The gas is non-explosive. 
non-toxic and is completely inert. avoiding the danger 
of contaminating the product under test. A major adyvan- 
tage is that helium forms a small molecule which will 
flow through minute openings. 

In actual operation. a hard vacuum is produced on one 
side of the glass seal (0.05 microns of mercury. or less). 
While maintaining this vacuum on the one side. a jet of 
helium gas is sprayed over the other through a very small 
nozzle. preferably less than 0.02 in. diam. The helium 


pressure is regulated to the minimum that will produce 


i é N 
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a discernible flow. The nozzle is moved over all portions 
of the seal and if a leak exists. either a visual or aural 
indication is provided by the test instrument. Since thi 
dey ice may be calibrated in actual leak rates referred oO 
the indication on an electric meter, a suitable standard 
is provided which permits manufacturer and user to 
duplic ate test results. The absolute sensitivity of this di 
vice is of the order of one part helium in ten million. A 
common requirement for seals is that they should not 
pass more than 1 ce of helium in 31 years.” This i- 
equivalent to approximately one micron cubic foot per 
hour. Any seal. to deserve the adjective “hermetic” should 
pass this test. 

Tloctteal Characteristics. [Different 


service 


quirements indicate the use of different mixtures of glas- ' ; 
to achieve desired characteristics. Since they diffs 

slightly in specific resistance. an exact value can not by 

stated. A safe minimum design specification for all types , + 
would be 10.000 megohms. This value is based on a po 

tential of 500 volts d-c at sea level. It applies to all -eals 

using borosilicate, or “hard” glass. 

In matched seals. the affinity of glass oxides to al 
adjacent metal surfaces develops a wetting action. This 
produces a meniscus glass surface wherever the two meet 
The compression seal tends to be much flatter and_ is 
frequently described as “pancake” flat. The actual voltag: 
breakdown of any part will be influenced by this differ 
ence between the two types. For standard sizes of matched 
seals. it is safe to use a design value of 40 volts per mil 
of glass between metal surfaces. For compression types. 
the value should be 35 volts per mil. These values also ar 
for room temperature at sea level and at 50 per cent 
relative humidity. 

Corrosion Resistance. Seals can be provided ty 
meet MIL standard salt spray tests of from 50 to 200 hi 
or more duration. as well as temperature cycling from 
room temperature to that of molten solder. or from dry 
ice to boiling water. and many others. These character 
istics of well designed seals permit their use under a wid 
variety of environmental conditions. 

Since glass itself is unaffected by all but a very few 
of the corrosive gases and liquids encountered in industry 
it is only necessary to protect the metal parts by plating o1 
other means to achieve permanent corrosion resistance ot 
the entire seal. in most applications. There has been 
creat deal of discussion regarding the use of silicon coal 
ings applied to the seal after fusing and cleaning. A sili os 


cone, properly polymerized, will benefit a seal because it 
forms a thin coating to which water and other contam 
nants will not adhere. When the seal is dry and clean. no 
measurable difference can be observed between the. sili 
cone treated seal and an untreated one. Since minute im 
purities will be found in any commercial glass and some 
of these may be on the surface when it is fused. there is 
a definite improvement in the resistance and voltage 
breakdown values of mass-produced parts after siliconing. 

The reluctance of manufacturers to use silicone treat 
ment on all parts stems from fear of possible contamina- 
tion. Insufficient data are available to assure that there 
will be no harmful long term effects on a sensitive device 
such as transistor or crystal exposed directly to the sili- 
cone material. As experience accumulates, this question 
can be answered more competently. 
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}. FRANK FORSTER 
J}. Frank Forster ji- the ne 


Viekers Inc Detroit Mich. Mr 


el 


» Viekers as treasurer i 


4] and was made vice-president 
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i he becar x 
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Jackson K. Lightfoot ee 
ted f engineer of the Miss 
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MARCUS M. EPSTEIN 
Marcus M. Epstein has been apointed 
et engineer tor ¢ ontrol I lectronics 


(lo Line Huntington Station. N. Y. 
He was formerly with Empire Devices 
Ine.. Bell Aireraft Corp., Lewyt Corp., 
d the U. S. Army Signal Corps. 
Mi Epstein’s developments have 


overed the broad field from d- devices 


hrough microwave svstems and com- 
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" i lI ’ , netics, | 
Butler i tas appointed Roland L 
Van Allen ; 


trate 1 res i deve t 
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' oh 
LOUIS DE LALIO 


Louis De Lalio has been appwint 
chief research and development « 
gineer for Filtors. Inc.. Port Washing 

N. Y. In this Mr. De 


Lalio will assume responsibility 


apacity 


the design and development of new and 

-magnetic devices 
Prior to this. Mr. De Lalio was e1 

ploved by Norden Ketay ¢ rp. as chiel 


potentiometer enginee! where 


mproved electro-n 


veloped high accuracy linear and fune 
tion potentiometers ind potentiometer 
omponents. He is a graduate of RPI 


with a BEI 


General Electric Co. has appointed 
John E. Faloon as supervisol! of its newly 
reorganized mycalex operations. with 
Mass \I 


Faloon will direct all research. en 


headquarters in Taunon 
leering and production of G-E mycalex 
molded parts. He is author of the “Plas 
tics Molding” sections of Kent's Nhe 


chanical Engineer's Handbook 


William G. Skinner fas joined the 


Essex Wire Corp.. as manager of Its 


Fort Wayne. Indiana. magnet wire 







Humboldt St., Los Angeles 31, Calif. Factories in Los Angeles. Salem, Mass., Toronto, © = 
Melbourne, London, Manufacturing licensees in Paris and Tokyo. Representatives and distritutors in all’ principal cities. — = 





Mode! 200-A 
DC MILLIVOLTMETER 








Mode! 213-A 
DC MILLIVOLTMETER 


Hi-stability 








Model 216-8 = 
DC MILLIVOLTMETE 
Rack mounted on of Mode 3-A a 


n critical applications 


Model 204-A = 

NULL DETECTOR 

Extremely sensitive, null-balance indicator with 
r resistance for ultra-precise Wheat 





Gg power sensitivity t 
s and fast time constant 





Write for catalog giving detailed 
* specification on these instruments 


INDUSTRIAL CONTROL 
mest id bi 


805 Albin Ave. + Lindenhurst, L. 1., N.Y. 
MOhawk 1-6060 
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NEW 
LIGHT- 
WEIGHT 


Micro- 
miniature 
Relay 


HUSKY STYLE 6 


Price Electric’s new Style 6 micro-miniature relay is a lightweight, crystal can 
style relay designed to give superior performance in miniaturized assemblies. 
Weighing only 0.5 ounce, the Husky Style 6 is engineered for the utmost 
simplicity—a simplicity that allows for mass production of a high quality, 
reliable relay that is as versatile as it is dependable. Termination can be pro- 
vided to meet most requirements. Style 6 meets the applicable requirements 
of military specifications and will perform continuously in ambients of —65C to 
+125C. This tiny Husky Relay will give excellent performance in guided mis- 
siles, computers, control systems, and other critical applications. 
For further details write for Bulletin Number 10. 


Reliable 
Versatile 


SPECIFICATIONS 


ta ait Ambient Temperature: —65C to 125C 

peel Y Coil Data—Supplied with 920 ohms +10% for 
26.5 VDC nominal operation. Coils, with differ 
ent resistance values, are available for other 

wf voltages. 

| 2 Contact Arrangement—DPDT 

| : Contact Rating—2 amps. at 26.5 VOC or 115 

} VAC resistive. 


Contact Resistance—0.05 ohms max 
Dielectric Strength—1,000 volts RMS to case, 
500 volts RMS across open contacts 

} Enclosure—Hermetically sealed 

Insulation Resistance—10,000 megohms mini- 


np ry 


mum at 25C. 1,000 megohms minimum at 125C 
Life—Minimum expectancy 100,000 operations 
x FOE me - Military Specifications—Meets applicable por 
tions of MIL-R-25018 and MIL-R-5757C 
~ " . 5 Mounting—Al! popular types or styles available 
< Operate and Release Times—5 millisecond maxi- 
‘e mum 
Shock—50 G for 11 milliseconds 
ioungaede a t Terminals—Pliug-in, solder and printed circuit 


types 

Vibration—10 to 55 cps at 0.120” double ampli- 
tude. 55 to 2,000 cps at 20 G acceleration. 
Weight—0.5 oz 


eeec¢seeeeeco 


VISIT US 

At Booth No. 2407 
ILR.E. Show 
March 24-27 


iy 


——u @ e € 


— 


poor Oration 


1500 Church St., Frederick, Maryland 
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plant. He is now acting as director of 


all manufacturing. testing. and devel 


opment. a work carried on. in Fort 


Wavne by the Essex Magnet Wire Diy 








PHILIP ROSENBERG 


Philip Rosenberg has been appointed 
American Machine § & 
Foundry Co's Mechanics Resear 
Dept.. Chicago. Il 

Prior to joining AMF, Mr. Rosenberg 
wa- supervisor of the propulsion grouy 
it the Armour Research Foundatior 


working on rockets. missiles. and con 


director ot 


pressible flow 


Bernard B. Daien |ia- | ippointe 
chief engineer for Transistor Devices 
Inc.. Kenilworth. N. J. Mr. Daien ha- 
over fitteer vear- experience in. the 
electronic industry and spent the 


last few vears in researc] 1 develoy 


ment in the transistor field 


Dr. Gerald M. Rassweiler has hee 
General Motors Re 
search Staff's Physics & Instrumentation 
Dept... Warren. Mich. Dr 


has specialized in \-ray 


named head 


Rassweile 
spectroscopy 
electron microscopy, ultrasonics and 
electronics in their applic ition to prot 


lems of industrial researcl leveloy 


ment and production 





EDWARD E. KIRKHAM 


Edward E. Kirkham has heen named 
chief development engineer and head 
of the Experimental Dept. of Pratt & 
Whitney Co’s machinery division. 

Mr. Kirkham has heen identified 
with Pratt & Whitney's development 
and perfection of numerically controlled 


machine tools 


FC TRICA S‘UFACTURING 








Maintains high arc resistance 


at 300°F operating temperatures 


Spaulding’s G5-766 Glass Melamine Spauldite provides the properties 
needed for applications requiring high arc resistance, mechanical strength, hardness and 
fine machining. Spauldite is recommended for switch and circuit breaker 


insulation, as well as for applications where severe mechanical stresses are encountered 






u 





PROPERTIES CONDITION Ye" THICK 
Arc Resistance D-48/50 183 sec. 
Dielectric Breakdown 
Parallel to plies “a over 50 KV 
Step by step D-48/50 over 50 KV 

a Dielectric Strength ; 

Perpendicular to plies A 
Short time 


over 400 V/M 


Step by step over 400 V/M 


Woter Absorption i 48% 
Specific Gravity 1 1.95 
Flex. Strength PS! WwG a 57,000 
AG 49,000 
ae pineenpdlines - 2. me i i =~ : + - 
tzod Impact Ft. Lbs./In. WG i £-48/50 i 10.8 
AG 8.6 


Spauidite GS-766 is availabie in sheets, rods, tubes and fabricated parts. 
For more intormation, contact: 


SPAULDING FIBRE COMPANY, INC. 
300 Wheeler Street Tonawanda, New York 
28 Offices in Principal Cities 
Visit Spaulding at the IRE Show, Booths 4519-4521 
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the Honey well 
DAY + NITE 


HONEYWELL 


1 Product Of 
Minneapolis-Honey well 
Regulator Co 
Vinneapolis 8&8, Minnesota 





No more early morning chills with this new T832 Honevwell “Round” 
Thermostat. You merely dial the number of hours of temperature 
setback desired for cool sleeping. The 1832 turns your heat up so you 
may arise to a warm house. If youre aw ay from the home regularly 
during the day, it will save fuel for you then turn on the heat before 
you return. The popular round style is made more attractive with its 
sparkhing plastic timer dial. And the 1832 cover may be removed and 


painted to suit your color scheme. 


All this precision controi plus a dial thermometer in a relatiy ely small 
housing means that much thought went into the development of this 
device. Of course, both spiral actuating elements are fabricated of 
Chace Thermostatic Bimetal strip processed to the closest tolerances 
available, assurance of a long and useful life without attention or 
service of any kind. The confidence of hundreds of manufacturers of 
temperature actuated devices is one of the results of Chace’s devotion 
for over a third of a century to the exclusive dey elopment and produc- 
tion of precision thermostatic bimetal. Our engineering, research, pro- 


duction and testing departments are recognized as models of progress 


and efficiency. You can rely on Chace for quality and service beyond 


your purchase contract, 


So remember Chace when you design for protection of valuable equip- 
ment or for temperature actuation or indication. Dependable Chace 
Thermostatic Bimetal is available in over 30 types. in strip, coil or 
completely fabricated and assembled elements to your design. Write 
today for new 1958 booklet. “Successful Applications of Chace Thermo- 


static Bimetal”, containing many pages of design data. 


 W.M. CHACE CO. 
q BEVST Teel VET aS VION 


1608 BEARD AVE., DETROIT 9, MICH. 
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From June 10 to 13, 1958, Dunlap 


t 


and Associates, Inc. will present 


Stamford. Conn.. its Sixth Annua 


Human Engineering Institute 

The four-day program is under the 
direction of Dr. Roland C. Caspersor 
ind particular attention will be give: 
to practical ispects of the ipplic ater 
of human engineering principles 
development and design projects 
industry and the military 

Details of re gistrations for the our 
ire ivailable from Dr Roland ¢ 
Casperson, Director, Sixth Annual Hu 
man Engineering Institute. Dunlay 
Associates. Inc.. 429 Atlantic St.. St 


ford. Conn 


General Ceramics Corp., K« 
N. J. has expanded the facilities 
Memory Core Products Dept. an¥ 
cre ised its tecnni al staff 


ind) manufacture omplete mag 


ore memory svstems 


The National Cash Register Co 
cently dedi ated inew offic e auton 


research and engineering center in D 


ton. Ohio. aimed at alleviating 
growing burden of paperwork facing 
business. The center, which will hou-« 
almost 1000 researchers and engineers 


makes use of the most modern scient 


facilities available 


Eisler Engineering Co.'s transfor 
manufacturing facilities have move 
from Newark to its newly-constructe 
Dover. N.J. plant at 16 No. Salem ™ 
and will now operate as a wholly-owne 
subsidiary under the name of Eisler 
Transformer Co., Inc. 


Midwestern Instruments, inc., 
Tulsa. has purchased the total as-et- 
of the Data Storage Devices Co. of Var 
Nuys. Calif. The company will be 
moved to Tulsa and will operate 
division of Midwestern 


AMP Inc., Harrisburg. Pa 
changed the name of its Chemical & 
Dielectric Div. to the Capitron Div. 
This division is located at 155 Park st 
Elizabethtown, Pa 


Continuing growth has made it 
visable to -eparate the activities «ot 
CBS-Hytron, a Division of Columbia 
Broadcasting System, Inc., into tw: 


operations. Heading the two new sul 


ELECTRICAL MANUPFACTUF 


Sola tailors DC power supplies 
to fit your mechanical requirements 


Shown above are three of the many Constant Voltage 
DC Power Supplies Sola has designed to special order. 
From chassis for standard relay rack mounting, to base 
plates of varying size and shape, Sola can provide you 
compact, regulated DC supplies in the “ampere” range 
designed to fit your mechanical requirements. 


The unique combination of a Sola Constant Voltage 
Transformer, a semi-conductor rectifier and high capa- 
citance filter provides substantial quantities of power in 


sc:A..— 


a relatively compact space. Another important feature 
is the ability to handle large transient or “‘pulse”’ loads 


Sola DC supplies provide output regulation of +1‘ 
with line voltage variations as great as +15%%. These 
units have no moving parts, require no mechanical ad- 
justments or maintenance. For further information on 
special DC power supplies designed to your electrical 
and mechanical specifications, write to Sola Electric 
Co., 4633 West 16th St., Chicago 50, Illinois. 


CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TRANSFORMERS © CONSTANT VOLTAGE DC POWER SUPPLIES 

SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © BRANCH OFFICES: Boston, Mass.; Cleveland, Ohio; Kansas City, 

Mo.; Los Angeles, Calif.; New York, N. Y.; Philadelphia, Pa.; San Francisco, Calif.; New Haven, Conn @ Representatives in Other Principal Cities 
Sola Electric (Canada) Ltd., Toronto 14, Ontario: 24 Canmotor Ave., Clifford 1-1147 
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Full-tubular 





Bifurcated 
High strength and uniform 
quality are extremely important 
when tubular rivets are used in 
automatic assembly. Trouble- 
free operation is the only way 
to be sure of the cost savings 
resulting from mass production 
and automatic fastening. Cutlery 


Milford Tubular Rivets feed 
steadily from hoppers... they 
clinch easily and securely... 
they provide a rapid and eco- 
nomical fastening when Decorative 


properly used. 


AUTOMATIC ASSEMBLY IS FAST, 
ECONOMICAL AND TROUBLE-FREE 
WITH MILFORD TUBULAR RIVETS 


To cut delivery time and pro- 
duction costs...to improve 
product appearance and 
strength ...to assemble your 
product on automatic rivet- 
setting machines—get in touch 
with Milford first! 






MILFORD 


THE MILFORD RIVET 


& MACHINE Co. 


MILFORD, CONNECTICUT e@ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 


RIVET 
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divisions will be Robert G. Marchisio, 
vice-president and general manager ot 
semiconductor operations, and Michael 
Callahan. vice-president and general 
manager of receiving tube operation-. 
Each of the subdivisions will be self- 
sufficient. 


Ground has been broken for a new 
$350.000 Split Ballbearing plant in Leba 
non. N. H. Split Ballbearing is a di- 
vision of Miniature Precision Bearings, 
Inc., Keene. \. H. Plans call for the 
new 30.000 <q. ft. plant to be completed 
by early summer. At that time, Split 
will move from its present plant. also 
in Lebanen 


The formation of a new company. 
Data-Control Systems, Inc., was recently 
announced by Dr. Robert J. Jeffries. 
who will serve as the company’s first 
President. The company will develop, 
manufacture and sell equipment in the 
field of instrumentation. with an initial 
emphasis on advanced forms of radio 
telemetry svstems for aircraft and mis- 
siles. The research and development 
laboratories will be located at 39 Rose 
St.. Danbury. Conn. 


Howard Industries, Inc., Racine. Wis.. 
has purchased the Universal Motor Div. 
of Westinghouse Electric Corp. in |ima. 
Ohio. All machinery and equipment 
will be moved from Lima to its plant 
in Racine for installation in a recently 
completed 35.000 sq. ft. addition 


General Atronics Corp., Bala-Cynwyd. 
Pa.. a consulting. research and de- 
velopment firm. has formed an affiliated 
company. Atronic Products, Inc. The new 
company. located in the same place. is 
concerned with the engineering. de 
velopment and production of equip 


ment for industrial and military use 


The Nutt-Shel Co., Glendale. Calif... 
has been acquired by Standard Pressed 
Steel Co... Jenkintown. Pa.. manufac- 
turer of precision industrial and air- 
craft fasteners. The Nutt-Shel line of 
fixed and floating anchor nuts. dome 
nuts. gang channel and bolt retainers 
complements the line of standard hexa 
gon locknuts made by SPS. 


Controls Company of America has 
made plans for the building of a 50.000 
sq. ft. light manufacturing plant at 
North Manchester, Ind., to house op- 
erations transferred from its present 
Spring Valley, IIL. facilities. Principal 
manufacturing operations of Controls 
Company are in its Soreng Products 
division at Schiller Park and A-P Con- 
trols division at Milwaukee. 


Fairchild Semi-Conductors Corp., Palo 
Alto, Calif., has been formed for the 


development and production of silicon 


ELECTRICAL MANUFACTURING 











an exciting new series of panel instruments 


yy 
LOW COST! 


ew 
HIGH STYLE! 


; 


Weston traditional 


QUALITY! 


Weston presents a new look in panel instruments! You'll see the 
difference at first glance. The price will delight you . . . the 
performance will confirm that Weston’s unequalled craftsman- 
ship has scored again! 


ULTRA-MODERN STYLING! Crown Instruments, with their 
handsome contours and sparkling prismatic cases, will enhance 
your most advanced panels and equipment. They’re available 
in a variety of custom-colors, too. 


EXTRA-LONG SCALES! Crown’s 2.5-inch, 100° scales are longer 
than those of most 34-inch diameter panel instruments. Clear 


plastic top, front and sides provide exceptional natural scale 
illumination. 


CORMAG® PROTECTION! Weston’s famous Cormag mecha- 
nism permits close grouping of instruments on magnetic or 
non-magnetic panels. No special adjustments need be made. 
There’s no danger of magnetic intereffects. 

WESTON ACCURACY! Crown D-C Instruments are accurate 
within +2% of their full scale values; rectifier-type A-C models 
within +3%. 


INTERCHANGEABILITY! All Crown models can be mounted in- 
terchangeably with any 2.5-inch JAN or MIL spec instruments. 


For accuracy, appearance, readability and cost, your best buy 
is CROWN. Your local Weston representative will be glad to 
quote on your requirements and arrange prompt delivery of 
prototypes. Contact him for full information, or write to Weston 
Instruments, Division of Daystrom Inc., Newark 12, N. J. In 
Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 10, Ont. 
Export: Daystrom Int’l., 100 Empire St., Newark 12, N. J. 
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TACHOMETER 
VOLT-OHMMETER : 


The Servo-Tek Speedvolter has been 


created and designed to satisfy the 
special needs of industry and labora- 
tories for a precision instrument that 
would give a quick and accurate 
At the 
same time it was designed to enable 


means of measuring speed. 


technicians or maintenance personnel 
to trouble-shoot equipment by means 
of voltage and resistance checks. 


FEATURES 
© SIX SPEED RANGES to 


rpm. 


12,000 


O SIX FEET-PER- MINUTE RANGES 
to 1200 ft/min. 


© FIVE D-C VOLT RANGES to 600 
volts. 
O FOUR A-C VOLT RANGES to 600 


volts. 


© THREE OHMS RANGES tc 200,000 
ohms. 


© BURN-OUT PROTECTION Over 
600 volts can be applied to any 
range or function without damage 


to resistors or meter. 


© POLARITY-REVERSING SWITCH 
Eliminates need for reversing test 
leads. Indicates direction of rota- 


tion on operating equipment. 


© SINGLE-FUNCTION SWITCH’ To 
select any range of any function. 


SEND FOR COMPLETE DATA 
$187° Complete with case 


and accessories 
DIRECT CR FROM YOUR JOBBER 


~~ St tt 


PRODUCTS CO wy 


imCOePORatIO 


Ml Lada 


1086 Goffle ACT Hawthorne, N. J. 
Western Office 
14736 Arminta Street, Van Nuys, Cal. 
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diffused transistors and other semi-con- 
ductors. The was organized 
around a group of senior scientists and 
engineers who have been working to- 


company 


gether in the development of transis- 
tors and other semi-conductor devices. 


In a recent expansion move, The 
Calidyne Co. of Winchester. Mass.. has 
begun construction of a new 46,000 
sq ft home in Woburn, Mass. Calidyne 
manufactures electro-dynamic — vibra- 
tion-test equipment. 


The Parker Appliance Co., Cleveland. 
Ohio, has purchased Hannifin Corpora- 
tion, Des Plaines, Il]. Immediately after- 
wards, Parker 
the company 
Hannifin Corp. 


shareholders voted to 


Parker- 


change name to 


\ new Hydraulics Division has been 
formed by Dalmo Victor Co., division of 
Textron Inc. The 


engineering. 


division will be re 


sponsible for manufac 
and sales of hydraulic 


valves and other hvdraulik 


turing servo 


products. 


Elco Corp. has acquired the Macson 
Co., Los Angeles. Calif. With the a 
quisition of this West Coast company. 
Eleo is adding a complete line of powe1 
connectors to its present line 


Joseph T. Ryerson & Son, Inc., ware 
housing subsidiary of Inland Steel Co 
has opened a new steel service plant at 
Charlotte, N. C. Construction of the 
plant. Jocated at Mt. Holly and Chem 








way Roads, was begun early in 1957 
7 

Plus or Minus 

(Continued from page 16 

distaff side had the presence of mind 


to herd the visiting editors, potential 


customers brass ot 


harried 
both the machine tool and the control 


and much 


manufacturers into the next wing where 


there was enough food and drink to 
take everybody's mind off the = star's 
recalcitrance. By the third round of 


martinis. the party was in full 
and the baby walked all by 


out missing a step. 


swing 
itself with- 


No one paid any attention when the 
sun went 
The 


there has to be one aS‘ 


down. 
moral of the (assuming 


Does It. 


story 


Easy 


...and on the Test Stand 
The headless-chicken 


many quarters) to our 


reaction § (in 
lime- 
lighted failures to put spitniks up with 
the sputniks was to find a scapegoat. 
Joe Doakes blamed Joe Politician who 
blamed Joe General who blamed Joe 


several 


Scienti-t who blamed Joe Everybody 
(and then announced that Joe Relay 
was really the culprit). With the ten- 


sion surrounding our early attempts at 


satellitation, small wonder there were 
failures. In the long run relaxability 
may be worth a lot mere than relia 


bility, if only to take the crash out of 
crash programs 


Cea 

if the left hand grasps a con 
so that the fingers point in the 
direction of the lines of flux, then the 
thumb 


ductor 


will point in the direction ot 
electron flow.” 

Theory and Applications 
Coblenz and Owens. McGraw-Hill Book 
New York, 1955, page 15. 


. and the eves will point tou ard the 


Transistors. 


Company 


hridge of the 


noses 


Yes or No 


Received a copy of National Bureau o 
Standards Summary Technical Report 
2168 with a note from our publishe 
Part of 2168 (entitled “Re 
determination of the Standard Am 


Report 


pere’) follows: 

“A recent experiment at the National 
Bureau of Standards has shown that the 
standard maintained by the 


Bureau has drifted no more than a few 


ampere 


parts per million in the last fifteen 
years. Such a small apparent change 
mav well be due to slight errors in 
measurement so that the standard 
ampere may actually have remained 
perfectly stable since its original eval 
uation in 1942. 

The standard ampere was found t 


equal 1.000008 amperes by the current 
balance method and 1.000013 amperes 
by the Pellat instrument. The weighted 
mean of these 1.000010 
this 


5 parts per 


two values is 
absolute amperes, but in 


there is an 


mean 
uncertainty of 
million. If no accidental errors 
made in either the original or the pres 
ent evaluation and if all systematic 
fixed, then the value 
of the current vielded by the electrical 


standards of resistance and voltage has 


were 


errors remained 


decreased by 6 million. On 
the other hand. known sources of error 


in the 


parts per 
current balance determinations 
could easily 
drift.” 
Publisher’s note to editors: 

Editorial: Small wonder that vou edi- 
tors hate to give an 


account for the apparent 


unqualified ves or 


no! 

Proposed note from editors to pub 
lisher: 

Publisher: Try asking if we could use 
more space, money, vacations, free 


lunches, or whether 
work on 


we would like to 
Saturdays. 


P.C.J. 
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Cut Appliance Costs with This 
New Mallory Low-Voltage Motor-Run Capacitor 


Cost conscious? You can trim manufactur- 
ing costs on many types of motor-operated 
appliances and equipment by using these 


new Mallory AC oil-filled motor-running 


capacitors. They are made in new, low- 
voltage ratings of 150 and 175 VAC ~—give 


you ratings closer to the actual applied 


voltage —and at correspondingly lower prices. 


Value conscious? You can depend on the 
new Mallory motor-run capacitors for long 


life and accurate ratings. They are similar 


Serving Industry with These Products: 


Electromechanical Resistors @ Switches @ Tuning Devices @ Vibrators 


Electrochemical Capacitors ¢ Mercury and Zinc-Carbon Batteries 


Metallurgical Contacts ¢ Special Metals e 


Welding Materials 


Parts distributors in all major cities stock Mallory 


standard components for your convenience. 
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proved line of Mallory oil 


construction, Ll specifications 


and_ performance racteristics to the 


capac itors... 


and —they’re part of a family of Mallory 
starting and running capacitors preferred 
by leading appliance and motor manufac- 


turers for vears 


TI 


he new series is available in capacities 
from 10 to 20 mfd. For complete data on 


electrical and mechanical specifications and 


prices, write or call Mallory —today. 


Expect more...get more from 


— 


a) 








P.R. MALLORY & CO. Inc. 


ALLOR 


P. R. MALLORY & CO. 








Inc., INDIANAPOLIS 6, INDIANA 
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IMPULSE 
ILL 





Features an insulated rocker arm 
activated by a single coil, instead of the 
usual two. Ideal for machine controls, appliances, positioning 
devices, remote TV controls and other applications where opposite 
switching is desired each time circuit is pulsed. Contact combinations 
up to 4 “C”; rated 734 amperes @ 115 V. AC resistive. 


AN 








Suitable for use in a wide range of applications. For AC or DC operation. 
Compact size, lightweight. Shock and vibration resistant. Positive 
contact pressure. Contact combinations up to 3 ‘‘C’’. Contact 
rating, 5 amp. resistive with 5/32” dia. (10 amp. with 3/16” dia.). Available 
open, or in plastic dust covers with plug-in feature, as illustrated. 

Send For Details 
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Engineering 
Standards 


EIA Standards 


The following four new recommended 
EIA Standards are now available: 


RS-200—Circular Waveguides (this 
Standard, from Standards Proposal 
No. 525, is new material). Price 30 
cents. 
RS-203—Microwave Transmission Sys- 
tems (this Standard, from Standards 
Proposal No. 541, is new material). 
Price $1.30. 
RS-204 — Minimum Standards for 
Land-Mobile Communications, FM or 
PM Receivers (this Standard, from 
Standards Proposal No. 561, is a re- 
vision of TR-119-A). Price 90 cents. 
RS-205 — Electrolytic Capacitors for 
Use Primarily in Transmitters and Elec- 
tronic Instruments (this Standard, 
from Standards Proposal Nos. 551 
and 556, is a revision of TR-140). 
Price 80 cents. 
Copies may be obtained from the Elec- 
tronic Industries Association, Engineer- 
ing Dept.. 11 W. 42nd St... New York 
36, Ni. Y. 


1957 Supplements to Book of 
ASTM Standards 


The following two supplements to the 
1955 Book are available: 
Part 2. Non-Ferrous Metals 380 
pages; 
Part 6. Rubber, Plastics, Electrical 
Insulation—423 pages. 
Copies may be obtained at a cost of 
$4.00 per part from the American So- 
ciety for Testing Materials, 1916 Race 
St., Philadelphia, Pa. 


Transparent Electrically 
Conductive Coating 


(Continued from page 145) 


gree by the chemical or structural 
nature of the substrate. 

Although the processing time used 
in these studies was fairly long, it 
can be anticipated that by choosing 
a different set of processing con- 
ditions the time could be decreased 
considerably. Also, if the transmission 
and resistance requirements are not 
stringent, the evaporation rate could 
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Immediate Delivery on 


STANDARD FERRITE CORES 
FOR DEVELOPMENT 


HUNDREDS OF STANDARD PARTS 
plus CUSTOM DESIGNING TO SPECIFICATIONS 


\ gs & 


STANDARD THREADED 
ANTENNA RODS TUNING CORES 





STANDARD 
El CORES 


CUP AND TELEVISION RECORDING 
TOROID CORES COMPONENTS HEADS 


Performance proven magnetic ferrites available 










for every electronic application 








Computer and 
Automation Systems 


General Ceramics ferrites for television, radio and instrumentaticn offer designers 
Designers! 


and engineers a wide range of economical standard components. Al] are appli- 
cation tested for highest efficiency electrically and mechanically. The fact that 
leading electronic manufacturers specify Ferramics is due to the program of con- 
tinuing research and equipment modernization by which General Ceramics keeps 
pace with the industry’s needs as to quality and costs! Bulletins are available; 
write to General Ceramics Corporation, Keasbey, New Jersey, Dept. ME. 


GENERAL CERAMICS 


Industrial Ceramics for Industrial Progress... Since 1906 














Ferramic memories 
provide a new design 
concept in the area of 
computers and automa- 
tion. Magnetic memories 
combine increased speed, 
accuracy and reliability 
with light weight, com- 
pact size. Write for 
bulletins on cores or 
complete memory planes. 


Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FER- 
RITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA & CHEMICAL STONEWARE 


MARCH 195 


Circle 315 on page 17 319 





LOOK TO TOBE FOR PROGRESS 


pulse- 
forming 
networks 
and pulse 
Capacitors 





TOBE pulse-forming networks have -: Tobe Exclusives: 
an excellent record of performance, ; All Tobe pulse forming networks 


. . . F i lse cz itors are operate 
in radar, and in seasoning and test - and pulse capacitors are operated 


in our modulators under actual 





equipment for magnetrons and hy- 


working conditions. At conclusion 


drogen thyratrons. Our design ex-_ - of these tests every unit is checked 
perience and production facilities : vo assure complete conformance to 

, customer specifications. This 
assure deliveries to your schedule 


guarantees higher reliability and 
requirements. 


dependability of Tobe product 


We invite inquiries on specfic ap- 


plications. The services of our en- 


TOBE pulse-forming networks are 


gineers are always available. Write available in a wide range of rat- 
Tobe Deutschmann Corporation, ings and sizes TOBE pulse capac- 
a itors are commende F at- 
Norwood, Massachusetts. a oer ee ae 


applicati ns above 25KV. 


specify 





ra 


"PRODUCTS 
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be increased. If high conductivity is 
not required, films with transmittance 
of 90 per cent can be readily achieved 
when different processing conditions 
are chosen. It seems probable that 
continued research would yield fur- 
ther improvements in the process so 
that lower resistances could be achiev- 
ed with the same or even higher 
transparency. 
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Effects of Gas Filling 
on Rectifiers and Thyratrons 


Continued from page 111) 


perature limit to approximately —50 
C. The upper temperature limit at 
which a xenon tube can be operated 
is dictated by the materials that are 
external to the tube envelope. Oper- 
ation of these tubes is usually limited 
to an ambient temperature of 75 C. 

\s previously discussed, the upper 
temperature at which a mercury tube 
can be operated depends on the anode 
voltage and on the temperature rise 
of the condensed mercury above the 
ambient. If the mercury temperature 
becomes too high, the gas density 
hecomes too great and the tube will 
fail. 

Arc Drops. The are drop across a 
conducting tube determines to a great 
extent how much heating takes place 
in the tube. As previously stated, this 
are drop is related to the ionization 
potential of the gas employed. Xenon 
has the lowest ionization potential of 
the inert gases. Mercury tubes have 
a lower arc drop than xenon tubes 
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Spotwelded Monel diaphragm 
actuates 


ingenious in-artery 


blood pressure gauge 


LOS ANGELES, CALIFORNIA: 

This ingenious tranducer, Mode] 
23D, ires in heart 
arteries. Blood from cardiac catheter 
impinges on diaphragm (arrow) and 
moves a tiny armature. Resultant 
modulations in four strain-sensitive 
dasa Wheatstone 
ridge, are recorded. 

Statham Instruments precision 
machines the body sections from 
“R” Monel* free-machining nickel- 
copper alloy. For fatigue resistance, 
diaphragm, spotwelded to holder, is 
Monel n ickel-copper alloy. Both 


1] ‘ : . . : oy : e 
illoys effectively resist corrosion by 





measures press 


BT oats 
hiaments, connectec 








& 
blood and hospital solutions. 








800° Fe Holly ceaseall Feat 


throws light on 


high-tempe ‘ature-parts des ign 








Mole- Richardson Ge. “Brute” (or di 
catwe al } ) del iver twice tne 
any other studio source. It operates a 


225 amperes and 75 are volts. 





Heatless welding 





Metals like copper and aluminum it 





are now welded ultra- 
( 1out melting or significant 
defon 1. Photo shows “Sonoweld” 
I conductor for wafe1 


ansformers _ der development by 


Ay nerican Machine & Foundry Co. 


4~ 
INCO. THE INTERNATIONAL NICKEL COMPANY, INC. * 67 Wall Street * New York 5, N. Y. 
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for thin gauges 


Vagnetostrictive “A” Nickel 
transducer provides energy 


WEST CHESTER, PA.: — A new 
welding process. “Sonoweld”’, has 
caught the ear of the electronics in- 
d istry. Developed by Aero-} yrojects, 
Inc., it produces a metallurgicalls 
sound weld — by means of ter 


frequency mechan ical Vibrations — 


vithout the application of heat. 
To establish nigh we lding energy 
“Sonoweld” relies on a laminated 

3 = ; : 
stack transducer made from Elec- 


tronic _ de “AY 


magnetostr ive material. In 

periodic aia ro-magnetic field, 

nickel undergoes rapidlv alternating 
A i x apiaiy al iil} 

] « Thi 

lengt h-changes. This vibration is 





“sige : Ss 
In proaucing tne weld. 
trictive effect of ‘A’ 


large, and is use- 





ful 1 W frequency range 
“A” Nickel also has high 


: : 
and corrosion, and 









HOLLYWOOD, CALIFORNIA: - 
The carbon arcs of Hollywood “suns” 
go to 8000°F or more. Away from 


the arcs temperatures fall off; yet 
some parts of the actuating mecnan- 
isms must operate in damaging 


Whata re these parts made of and 
withstand the severe 
ion and carburizat t 
‘ype 150 Mol: : nick. 
‘Brute’’, fon ir ‘nicke 
naterials absorb the 
Inconel* nickel-chro- 
used for a shield (close 





the arc where heat is greatest 
and for brush springs (where heat 
enda ingers spring properties). The 





brush self (see small photo) is 
Inco ‘‘ Nickel. Monel* nickel- 
copper bolts secure leads and othe1 





“A” Nickel _ dise brush 
rand1inchth 
‘arbon decked 





inches in diamet 


heated components 


Brush housing 
and pressure rod are 18-8 stainless 
steel. 
All these parts get hot ... red hot 
in the case of the Inconel shield. Yet 
tand up for picture after pic- 
\ One look at the 
ever-bright brush contacts shov 


why. All contain Niexel. 


e, vVear aiter vear. 
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FINCOR 


INSTRUMENT CORPORATION 


1000 EAST BOUNDARY AVENUE - YORK, PENNSYLVANIA 


TR Ta TUT 


PUTT RS rem ATs 





Fincor variable speed drive packages provide in- 
finite, highly accurate speed control with virtual 
elimination of maintenance and repair. There are no 
tubes to fail, no brushes to arc, no commutators to 
burn. They require no maintenance . . . no lubrication. 

Simple, rugged Fincor units have efficiency compar- 
able to drives using d. c. motors, but overcome the 
disadvantages of both d. c. and previous a. c.-pow- 
ered drives. They have two basic components... .a 
magnetic amplifier and a special, patented, a. c. 
induction motor having a built-in tachometer. The 
desired speed, pre-set or controlled by potentiometer, 
is reached quickly with no hunting. Load fluctuations 
are compensated for automatically, maintaining the 
desired drive speed. Acceleration and deceleration 
are controlled to eliminate shock. 


Standard Fincor units are available with 1/6, 1/4, 
1/3 and 1/2-horsepower motors mounted on NEMA 


56 frames. All models operate on 3-phase, 220-volt, 
60-cycle power and are protected against overload. 
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when operated within rated tempera- 
ture limits. Tubes filled with a combi- 
nation of inert gas and mercury will 
have the higher are drop of the inert 
gas when started cold but, after a 
short operating period, the mercury is 
heated sufficiently to carry the dis- 
charge and the tubes have the char 
acteristically low are drop of the mer- 
cury tube. 

Mounting Position. Because gas 
density is not affected by tube posi- 
tion in xenon tubes, they can _ be 
mounted in any position. Although 
there are some mercury tubes that 
can be operated in positions other 
than vertical (with the base down) 
most mercury tubes must be operated 
in this position. This is necessary to 
permit condensation of the mercury in 
the lower part of the tube. There are 
some argon-mercury tubes that can 
be operated in positions other than 
vertical, however, most of these types 
must also be mounted vertically. 

Constancy of Grid Character- 
istics. Xenon-filled thyratrons, be- 
cause of their constant gas density. 
do not undergo grid characteristic 
changes with variations in tempera- 
ture. Tubes that are filled with mer- 
cury alone have a shift in character- 
istic as the temperature rises. When 
the tube is first operated, the gas 
density is low and the grid voltage 
necessary to control conduction is 
less than that required after the tube 
has heated from operating. Argon- 
mercury tubes do not experience this 
large shift in grid characteristics. 
There is a shift in grid character- 
istic as the tube operation changes 
from the inert gas to the mercury 
but the shift is small. 

Life. During the life of a xenon 
tube, the gas supply is gradually de- 
pleted by being absorbed in the tube 
parts and the envelope. If the tube is 
subject to a rapidly rising inverse 
voltage, the rate of gas depletion is 
accelerated. This loss of gas, known 
as gas clean-up, is the most frequent 
cause of failure of inert-gas-filled 
tubes. In some applications a special 
circuit. known as a cushioning cir- 
cuit. is used to slow down the rate of 
rise of the inverse voltage of the gas- 
filled tube, thus prolonging the life 
of the tube. 

Mercury tubes usually contain 
enough liquid mercury to furnish 
from 100 to 100,000 times the num- 
ber of molecules that are in a xenon 
tube. This amounts to a_ virtually 
inexhaustible supply of molecules 
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Vibration and impact proof 
bolted connections in 
standard applications. 


On all electrical terminals 
subjected to vibration in 
transit or operation, and for 
any electrical or electronic 
assembly where positive 
contact must be main- 
tained. 





To seal bolt threads where 
leakage past stud threads 
must be prevented. 


TIGHTENED AGAINST THE WORK 





LOCKED ANYWHERE ON THE BOLT 


Blind fastening applica- 
tions where nut is 
“clinched” into sheet metal 

. becoming self-retaining 
as well as self-locking. 
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To eliminate drilling and 
tapping and provide steel 
thread strength for soft 
metals, an ESNA spline nut 
is pressed into a bored hole 
in casting. 











Simplified self-aligning 
self-locking fastener for 
bolting two non-parallel 
surfaces. 
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Spring-mounted connec- 
tions or dynamic balancing, 
where nut must stay put 
yet be easily adjusted. 
(Flanged face eliminates 
need for extra washers. ) 


“i a or 





S On make and break adjust- 
ment studs where accurate 
contact gaps must be main- 
tained. Note “thin” height 


design for limited clear- 
} ance. 


For bolted connections re- 
quiring predetermined 
play. 
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For rubber-insulated and 
cushion mountings where 
the nut must not work up 
or down. 





HOW THESE NUTS SOLVE SO MANY 
FASTENING PROBLEMS, ELIMINATING 
EXTRA PARTS AND OPERATIONS... 





The red locking collar of an ELASTIC STOP® nut grips bolt 
threads with a perfect fit that will not loosen under severe 
vibration or stress reversals, and seals against liquid seep- 
age. By bringing nut and bolt metal thread flanks into firm 
contact it eliminates wear producing axial play. The elastic 
locking action of the insert-type stop nut does not distort or 
gall bolt threads. It is reusable many times. 

Send for the following free information: Elastic Stop nut 
bulletin; Rollpin® bulletin. Or enclose a drawing of your 
product for specific self-locking fastener recommendations. 
Write to Dept. N30-322 


cab bi alae ROA Ly UNION, NEW JERSEY 








now... 
from 
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U0 0 tested memory cores 


for transistorized memory circuits 


THE NEW M3 LOW-DRIVE MEMORY CORE by FXC, 
made of Ferroxcube 6B1 material, is designed for 
transistorized memory circuits and has unusually low 
driving current requirements. Its switching time is 2 
microseconds with a current of 450 ma. at 40°C. It 
can be furnished in complete arrays, such as the 
10 by 10 memory array illustrated above, and it is 
delivered 100% tested to guaranteed specifications. 


Requests for complete data on test conditions and 
guaranteed properties should be addressed to: 


FERROXCUBE CORPORATION OF AMERICA 


50 East Bridge Street, Saugerties, New York 


Manufacturers of ferrite cores for recording heads, magnetic memories, TV flyback transformers, 
pulse transformers, filters, inductors, high frequency shields and power transformers. 
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available for carrying the discharge. 
Mercury tubes do not suffer from 
short life due to gas clean-up. Argon 
mercury tubes also have a large sup 
ply of mercury molecules available 
and do not have their lives shortened 


by gas clean-up 





Development of Drives 
for Wire Drawing Machines 


(Continued from page 96) 


with regard to maintainability. The 
mock-ups also gave a clear view of 
where mechanical interference might 
be encountered. 

In a control system of this type 
a major consideration is that of ven 
tilation requirements. A forced ven 
tilation system supplies cooling air to 
the wire drawing equipment. The 
motor ventilating requirements are 
satisfied by utilizing some of this 
high-pressure air, obtained from th 
machine base and bled through the 
motors into the air outside the ma 
chine. Figure 5 shows a cross-sectio: 
view of the machine base and block 
drive arrangement and the air pat} 
from the machine base plenum cham 
ber. 

The evenerator units contain their 
own axial fans for which cooling 
air is obtained from a trench at the 
base of the machine. The combi- 
nation of bled air from the machine 
base and ventilating air from the 
power units is exhausted through 
louvered doors. This arrangement 
means that the cabinet section is 
under a slight pressure so that dust 
from soap lubricants and other con- 
taminants associated with the normal 
wire mill atmosphere are kept out. 

Module Construction. In the 
present equipment the drives are con- 
tained in modules of three kinds: 
tandem control: follower block con- 
trol and drive: and finish block con- 
trol and drive. The tandem control 
vroup shown in Fig. 6 contains the 
constant potential exciter and_ the 
control and set-up devices for the 
over-all operation of the machine. 

Figure 7 shows one of the follower 
block modules. The powel! unit is 
resiliently mounted on a_ six-roller 
base, and is provided with long leads 
so that it can be easily removed for 
inspection and maintenance without 
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NORTH SOLVES 
REMOTE TV 
CONTROL PROBLEM 


Diamond Power Specialty Corporation, Lancaster, Ohio, had a problem! 


In manufacturing remote multiple TV camera systems used in security, 
fire protection, and similar monitoring applications, they had to pro- 
vide a remote control system to handle up to 20 « ontrol functions for 
each camera. Each control function required at least one wire, result- 
ing in a large, heavy and highly expensive cable. Additionally, the 
distance from which a camera could be controlled by this system was 


limited to several hundred yards 


The problem, as presented to North engineers, was: reduce the size of 


17 
the cable and increase the range! 

North’s solution went beyond the specifications set — North engineers 
completely eliminated the control cable, engineering a system in which 
control pulses are carried over the video co-axial cal le; North engineers 
not only increased the range of their remote control svstem, they 
gave it unlimited range. 


North's vast experience in designing, engineering, and manufacturing 
control systems using North telephone-type relays can be similarly 
applied to your control problems — with solutions as dramatically 
efficient! 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


853 SOUTH MARKET STREET * GALION, OHIO 


Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 
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CONTROL PROBLEMS 
OLD STORY TO NORTH 


Complex control problems con 
fronting many engineers working 
on elaborate systems development 
ly routine to the In- 
dustrial Division engineering staff 
of North Electric Company, Gali 
on, Ohio 


represent on 


During the past decade, with 
the rapid expansion of automation, 
high speed computing equipment, 
remote controls, missile check out 
production controls, and a host of 
allied applications, North engi- 
neers have been successfully de- 
veloping systems and sub systems 
that have resulted in saving count- 
less man hours and surmounting 


NngZiy insolul le obstacles of 


New switching equipment has 
been developed, new components 


engineered and older components 


renned the accumulated 
know how of 75 years of spe 
talized experience has been ap- 





ay 
plied to the multitude of control 
problems that have been brought 
to North for solution. 

North engineers are working 
constantly in control areas. Their 
experience in and familiarity with 
control applications have devel- 
oped within the company the abili- 
y to reduce the most difficult prob- 
lems to basic elements that have 
been encountered many times be- 
tore and to apply their cumula- 
tive experience toward a ready 
solution. 

Control! questions can best be 
answered by an engineering group 
working exclusiv ely in these areas. 
Specialized problems need the at- 
tention of specialists. This is an 
age of specialization—North Elec- 
tric Company fits the specialist 
designation in its sphere and its 
sphere is (and has been for 75 
years) controls. North can, and 
will, bring your control problems 
under control” 
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SIMPLE, ECONOMICAL . 
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MOTOR Pa 


MIGHTY MITE motor protectors are 


miniature thermal controls which auto- 
matically break the circuit when motor 
temperature exceeds a safe operating 
level. This offers continuous protection 
against overloading and voltage varia- 
tion. It eliminates charring of insulation 
and other undesirable effects of over- 
heating. MIGHTY MITES have helped 
many products to be safer and more de- 
pendable in operation, and therefore, 


easier to sell. 


Check These Features 


MIGHTY MITES are accurately 
pre-calibrated at our factory to 
your particular motor require- 
ments. 

Sizes available as small as 3/4” 
long x 5/16” wide. 

Will fit practically any stator, re- 
gardless of lamination shape. 
Leads or terminals furnished to 
meet specific needs. 

Wide range of models in capa- 


cities up to 1/3 h.p., 115/230 


volts, for break-temperature re- 
quirements up to 200° C. 


MIGHTY MITES are tamper- 
proof to provide the most de- 
pendable and safest protection. 
No change in normal motor as- 
sembly procedure. 


Packaged and labeled for 
production line assembly. No 
further adjustment or other han 
dling required. 


WRITE TODAY FOR SAMPLES... ENGINEERING AID AVAILABLE 


AT) 
Sat Bak 
a a << 


St PA ets 
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disconnection. With the power unit 
removed, easy access is afforded to 
the motor coupling and the dancer 
roll rheostat. The proximity of the 
motor, power unit, and regulator 
and control to the machine allows 
maintenance personnel to observe 
machine operations, eliminating the 
usual necessity for two men and an 
intercommunications system to an- 
alyze the set-up drive operation. The 
finish block module is similar in con- 
struction to the follower module. 
The wire drawing machine de- 
scribed here offers many mechanical 
design improvements. The hinged 
doors on the modules provide easy 
access to the equipment. The striker 
plate between the machine itself and 
the control units is integrated with 
the cabinets to provide complete pro- 
tection. The dancer roll tension 
springs are in a position where they 
can be adjusted while the machine 
is running. c 


Thermal Evaluation of Electri- 
cal Insulation as a Design Tool 


(Continued from page 92) 


that the thermal life values are in the 
same relative ranges as the values 
obtained on enamel magnet wires. 
While this correlation is not neces- 
sary. it makes it easier to select 
materials of comparable thermal life 
for systems tests. 

The thermal life values for the 
modified silicone-varnished glass cloth 
were obtained at temperatures rang- 
ing from 200 C to 300 C. These data 
plotted as shown in Fig. 4 do not 
define a straight line, but indicate a 
change in slope between 225 C and 
259 C. Apparently, two different deg- 
radation reactions are taking place. 
Therefore, according to the chemical 
reaction rate theory, applied to ther- 
mal degradation phenomena, the life 
values for this resin obtained at tem- 
peratures greater than 250 C define 
a life-temperature relationship differ- 
ent from that obtained at lower tem- 
peratures. 

For this reason, the data obtained 
at the very high aging temperatures 
should not be included in extrapolat- 
ing the thermal life value to lower 
temperatures. Consider the errors in 
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Bendix high-tempercture \( reraft generator, slot- 
lined with Du Pont Ar , Dr rect t 
plane engine, thi K )perates at 
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Armalon’ proves dielectric superiority 
as slot liner for aircraft generators 


DU PONT INDUSTRIAL Bendix Aviation Corp. uses a Du PontArmalonitetrafiluoroethy lene 


resin-coated glass fabric to slot-line the high-temperature AC 
COATED FABRICS generators it builds for the Air Force’s F-104 Starfighter. Superior 


dielectric and mechanical properties of ‘‘Armalon’’ 


give windings 


COATING MEDIUMS maximum protection against vibration and the extreme heat 

. Neoprene « Buna-N « Silicone « Polyacrylate generated at full load and high altitude 
Chlorosulfonated Polyethylene ¢ Tetrafluoroethylene This example of performance superiority characterizes the entire 
Butyl «+ Acrylic «+ Polyamide family of Du Pont industrial coated fabrics. Do you need a material 


Polyethylene « Polysulfide resistant to gas, oils or corrosives to abrasion and flex cracking? 


to temperature extremes? Or one with superior insulating or 














- SUBSTRATES inti-stick properties? If so, get all the facts on Du Pont industrial 
Sabvtes Salen ar coated fabrics. Simply mail the coupon 
Cotton . Nylon . “Dacron’* Non-Woven ; ee 
Asbestos . Glass Teflon” Felts 
Rayon . ‘Teflon’* Wool Felts (sar ee eee 
| E.1.du Pont de Nemours & Co. (Inx Dept. EM-83 
Also elasiomer sheet stocks without | Fabrics Division, Wilmington 98, Delaware 
fabric inserts and cements | lease send me further informatior vated fabr 
‘Dacron’ is Du Pont’s: ae I am interested in using a coated fabric for___ 
ieee? haha Dai s pied enrsek: Sur tte tate Bu nrastbalonn Ghe 
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CLAD Tuna“DMI” eee 


) Ne! 
| MINIATURE 


‘ TIMERS 


of Field-Proved 
PERFORMANCE 


by 
HAYDON* 
at 


TORRINGTON 


fen \6"=) 


ELAPSED TIME = 
INDICATOR TIMING MOTOR 


FOR 115 VOLT, 400 CYCLE OPERATION 


First to develop a truly miniature elapsed time indicator, 
HAYDON at Torrington now offers this varied line of min 
ijature, hermetically sealed, timing devices . all tested 
and proved in the field in missile guidance and jet aircraft 
applications 


Basis of all these miniature devices is the Haydon 400 cps 
Synchronous Timing Motor . the inherently accurate 
approach to instrumentation in military equipment. Sealed 
in-steel case eliminates stray magnetic fields. Elapsed Time 
Indicators are available in the direct-reading type illustrated 
and also in dial type. Newest additions to the line are the 
miniature Time Delay Timer and the miniature Repeat 
Cycle Timer available with 1 to 4 switches. Weight is approx 
7 ounces 

OTHER HAYDON TIMERS FOR MILITARY APPLICATIONS . 
include: D-C Timing Motors for 6 to 32 volt operation, 60 
Cvcle A-C Motors in a very wide range of speeds, Heavy 
Duty 400 Cycle Timing Motors, and Elapsed Time Indica 
tors for 60 cycle operation. 


GET COMPLETE INFORMATION NOW .. . 

Consult the Haydon Field Engineer in your area or, if you 
prefer, write to us direct, outlining your requirements. You'll 
find that Haydon has the experience, know-how and facilities 
to solve all your timing problems. 


* TRADEMARK REG. U.S. PATENT OFFICE 


HAYDON HAYDON 


AT TORRINGTON 


HEADQUARTERS FOR 


TIMING 


Division of General Time Corporation 


2527 East Elm St., Torrington, Conn. 
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the estimated life value if only the 
thermal life values obtained at 250 C 
and higher temperatures were used 
as the basis for the prediction. This 
is the reason why estimated life values 
based upon short-time data should b: 
viewed with suspicion. 

Insulating Varnishes. This sam 
curved electrode method is being 
evaluated by the AIEE Working 
Group on Varnish. In this proc edure. 
the insulating varnish is coated on a 
thin glass cloth to a specified thick- 
ness. At least two dips are specified 
to reduce the probability of pinholes 
The panels are aged and tested peri 
odically in the curved electrode jig. 
Tentatively, as in the ASTM proced 
ure, the 2-per cent elongation and 
300-vpm failure criterion will be 
spec ified. 

One criticism of this method fo 
evaluating varnishes is that the 2-per 
cent elongation requirement over 
stresses varnishes designed to be un- 
usually hard. Hard varnishes are used 
where high bonding streneth is re 
quired. These varnishes may be the 
exception and a special procedure 
may be developed just for them. Per 
haps bond strength itself could be a 
criterion of life. 

A bond strength test of this kind 
is being evaluated by an ASTM sex 
tion. While the ASTM is interested 
in the test as a method for measuring 
the physical properties of varnishes 
it can also be used to determine the 
bond strength as a function of tem 
perature and time. 

The sample is made of aluminum 
wire wound to form a helical coil 
about 14 in. inside diameter and 3 in. 
long. The coils are dipped twice in 
varnish and cured. The bond strength 
of the varnish film is the force neces- 
sary to break the coils when stressed 
as a simple beam. In Fig. 5 the bond 
strength as a function of aging at 
various temperatures is given. The 
bond strength usually increases for 
i time and then begins to decrease 
as the varnish degrades. By choosing 
a failure value for bond strength, the 
life at any temperature can be deter- 
mined, This is an example of a purely 
mechanical test and it may be applica- 
ble where varnishes are used to pro 
vide bonding. 

It should be pointed out that th 
so-called curved electrode test is more- 
or-less a mechanical test. The samples 
are aged until they crack. Most var- 
nishes lose flexibility faster than elec- 
tric strength, and, therefore, they 
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CLARK Type*PML’ 
LATCH RELAYS 


— have all features of 
CLARK Type "PM" Relays, 
including SECTIONAL 
POLE CONSTRUCTION 


@ LATCH MECHANISM replaces 2 
poles of Type “PM” relay directly 
above relay magnet 


LATCH ASSEMBLY easily removed 
or replaced as a unit by removing 
wiring and only two screws 


LATCH UNIT has its own magnet 
operates independent of relay 
magnet. No adjustment to get out 


of order. 


LATCH COIL is built for continuous 
duty—eliminates need for use of 
relay pole to cut out coil when unit 


energized. 


SPRING-LOADED LATCH holds 
contact arm in energized position 
after relay magnet has been de- 
energized. Releases only when latch 
coil is energized 


LATCH WEARING SURFACES are 
nylon against phenolic — minimizing 
friction and wear, and assuring 
longer life 


LATCH UNIT is completely insulated 


from relay contacts. 


y 


Type “PML 
4-Pole 
Latch Relay 


CLARK Type “PML” LATCH RELAY 


Clark latch relay in row with Clark Type ‘PM’ relays. Note horizontal alignment. 


OLD STYLE 
LATCH RELAY 


Latching and non-latching relays of conventional design. 


CLARK Type PML’ 


LATCH RELAY 


saves panel space by lining up with 
standard CLARK Type “PM’ relays 


Clark Type “PML” mechanically held, latched-in Relays have the same basic 
“modular” design as Type “PM”, which have set new standards for flexibility 
of panel arrangement and economy of panel space. Contrasted with other 
latch relays, where the latch mechanism extends several inches below the 
magnet assembly, they have tt 

Type “PM” models—lining up perfectly with them, as shown above. The 
range of models shown below includes sizes and types to meet every demand 
for a 10-ampere latch relay. 


For complete information, write for Bulletin 7305-PML 


jie CLARK © CONTROLLER (Company 


Everything Under Contro 


1146 East 152nd Street ° Cleveland 10, Ohio 


10 POLE ALTERNATE = ALTERNATE ALTERNATE 
3 POLE 4 POLE 6 POLE 





DD Doubie Unit 


TYPE D BLOWERS 


long life 
simple maintenance 


Single or double blowers, with 
durable metal housing, are 
powered by type D shaded pole 
induction motor. Rugged units 
require little oiling, won't inter- 
fere with radio or TV. Standard 
operation is on 115 V, 60 cy- 
cles, AC. Single unit has load 
speed of 3200 rpm, 55 cfm; 
double unit operates at 3100 
rpm, 100 cfm. Other frequen- 
cies and voltages available. 


Heinze Blowers are designed 
to your exact specifications — 
for vending machines, photo 
dark rooms, laboratories, kit- 
chens, refrigerators, air con- 
ditioning units, furnace draft 
boosters, animated displays, 
cooling electronic equipment, 
and other general cooling appli- 
cations. Write for new catalog 
to Department B. 


ahi tia ELECTRIC COMPANY 
685 Lowrence St., Lowell, Mass. 


SUB-FRACTIONAL HORSEPOWER MOTORS 
AND BLOWERS 
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rarely fail the voltage proof test be- 
fore they crack. 

\ third varnish test that has re- 
ceived attention is the so-called de- 
flected beam test. (5) The sample 
used in this test consists of several 
magnet wires twisted together to 
form a concentric cable. The cable is 
dipped in varnish and cured. Next, an 
electrode about *4-in. long is applied 
around the middle portion of the 
cable samples, which are then aged 
and tested in a beam deflector. 

In this test, cracking of the varnish 
film is considered a failure. It is de- 
tected by applying a voltage between 
cable conductors and the electrode. 
The deflection in inches is measured 
and the elongation of the varnish 
film can be calculated. The samples 
are aged until the elongation to crack 
falls below a predetermined value in 
the range of 1 to 2 per cent. 

An advantage of this test is that 
varnish and magnet wire combina- 
tions can be evaluated. However, wide 
interest in this method has not devel- 
oped because of the special cabling 
necessary to make _ the 
samples. This illustrates a primary 


equipment 
consideration in developing _ tests: 
the samples must be inexpensive to 
make and easy to test. 
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ibsiloy 
aT eC LAE 


maintain low temperature 
rise on new Westinghouse 
Quicklag-P Circuit Breaker 


=> * 


On its new Quicklag-P plug-in cir- 
cuit breaker, Westinghouse has in- 
stalled Gibsiloy W-10 silver-tungsten 
contacts because they withstood a 
rigorous 5,000-amp short circuit test 
and maintained low temperature rise. 
These Refractory Gibsiloys carry the 
load, maintain low contact resistance, 
have high interrupting rating, and 
never need maintenance—factors 
which make them well suited for the 
Westinghouse Quicklag-P. 

Gibsiloy W-10 is exceptional 
among refractory contact materials 
because of its high conductivity and 
high resistance to sticking when in- 
terrupting short-circuit currents. Be- 
cause it maintains low temperature 
rise even with small contacts, it is 
especially appropriate for small cir- 
cuit breakers similar to the Quick- 
lag-P—using one pair of contacts 
per pole. 

No silver plating of Gibsiloy W-10 
1s required to maintain low contact 
resistance during shelf life 

Temperature rise of circuit breakers 
and other electrical apparatus can 
often be reduced by adopting 
Gibsiloy W-10 contacts. To solve this 
and other problems involving con- 
tacts, call on the people whose busi- 
ness has been exclusively the design 
and manufacture of electrical contacts 
for 21 years. Let Gibson engineers 
know your needs. 


Write for free Catalog C-520. 
It contains much useful technical 
information. 


CONTACT GIBSON FIRST 


vo / 
[ibsiloy 


SUM aeaat te ae Y 


BOX 590, DELMONT, PA. 
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CONVENTIONAL CELL VICKERS 
HIGH CURRENT CELL 


Same rating... but look at the difference in cell size! 


That’s why the cost is lower! 


ee ene s improved 


vacuum techniques with the Vickers inorganic barrier 


s kers HIGH CURRENT Rectifier 
to produce a rectifier not only with highe ‘r ratings a : 
at lower cost, but with the added advantages of 


LONGER LIFE 

SAFETY AT HIGHER TEMPERATURES 
HIGHER OVERLOAD CAPACITY 
HIGHER EFFICIENCY 


Cell Ratings: 18, 22, 26, 30, 33 and 36 volts. 
coin dasa. Witte todas: 
and prices 


WGKERD INCORPORATED 


D ISION OF SPERRY RAND CORPORATION 


LSOS LOCUST STREET « SAINT LOUIS 3, MISSOURI 
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MBS Counting Circuit Controls 
Numerically Programmed Index Table 


Continued from page 142) 


carry a running total of any remainders, and thus the 
index error on any irrational indice is limited to a total 
of 30 see of arc, by virtue of the discreet discrimination 
within the electronic computing system. The upper row ol 
Nixies record the mechanical progress of each index and 
are reset automatically. The bottom-row Nixies hold the 
preset figure of 0-0-3-1-3.0-4-3. These or any set of figures 
punch keyed into the numerical control system cannot be 
disturbed during an automatic operating cycle as the 
controls are locked out electrically. If the counter mis 
ounts (over or under)) in indexing, the computer in 
stantly locks out all machining operations. The erroz 
easily detected by means of warning lights on top of the 
console, is corrected manually. 

In the lower left hand corner of Fig. 4 is shown the 
increment counter which is an electromechanical device 
which can be programmed for the number of times a 
given indice is to be repeated. In the example outlined 
ibove, this would be set for 69 indices. Consequently, 
at the completion of the 69th indice, the index table 
would have made a complete 360-deg excursion and then 
would have returned to home or the starting position. (A 
third proximity coil is used to check home position befor 
starting a new indexing program). 

An unusual feature of the control system is a block 
indexing control (which compensates for part size changes 
due to fabrication or thermal conditions. This outstand- 
ing feature can be programmed in seconds, without 
costly rework or modification, such as is required where 
cams, gears, index plates and the like are used in con- 
ventional mechanical systems. This method of compen- 


sation is relatively simple: instead of the work being 


performed in successive adjacent stages, it is performed 


approximately 180 deg apart. However, the degree is 
elective and may be performed at some other smaller 
interval if desired. In this manner, the physical size of 
the part is not subject to progressive and constantly ac 
cumulating error or growth. In a similar manner. con 
traction due to thermal conditions may also be accommo- 
dated. 

"Closing the Loop.” 


loop system, but not in the normal sense. The loop is 


The Jacy system is a closed- 


closed mechanically in the following manner. The in- 
formation, that is, the desired index or increment of 
rotary motion is punch keyed into the programmer. At 
the initiation of an increment index button or cycle start 
button, the table moves through the required excursion. 
However, accompanying the table movement is the series 


of discrete pulses, 


produced by the transducer, and 
ounted until at the completion of the programmed in- 
rement a coincidence has been arrived at, within the 
omputer, between the physical excursion of the table 
ind the 


que ntly, 


input intelligence in the programmer. Conse- 
if the two are out of agreement, by as much as 
1 min, the table will still 
up. but it will be impossible to commence any ex- 


pulse or digit, in this case, 
ial cycle or function. Principle cause of non-coin- 
cidence is tube or component deterioration. However. 


when this occurs no damage is done. because the machine 


automatically shuts down, on a fail-safe basis. This is 
even true in the event of a momentary or prolonged 
power failure. Further, since each phase of the operation 
can be monitored through observation of the warning 
lights. mounted on the console, the operator is imme- 
diately conscious of the difficulty and where it has oc- 
curred. 

Mechanical Error. The over-all mechanical accuracy 
of the Jacy system holds any index error to a maximum 
total of & see of true position. Perhaps a few words of 
explanation are necessary on this subject as follows: 

¢ In resolving any particular spacing pattern in com 
plete detail from beginning to end, discrete discrimina- 
tion within the computer will place any particular index 
either on the plus side or minus side of true position. 
Further no matter how many times the index or program 
is repeated, the error will always be repeated with pre- 
cisely the same magnitude of increment and in the same 
direction. 

e In a similar manner the 8-sec mechanical error accu- 
mulates to a maximum total somewhere within a 360- 
deg excursion. For example, if the table starts from 
home the error may start building up 1 sec at a time, 
and so on. until it is possible to have accumulated a 
maximum of & sec: the error will then start diminish- 
ing back to zero and will always return to zero, with 
repeatability within 1 sec. Therefore, relative to true 
position, since the mechanical error will be plus and if 
then the 


combined errors are additive and the total error is -+-35 


the programmed errors build to a +30 sec, 


sec. However, if the 30-sec programmer error is negative 
mechanical error 


would be subtractive leaving a net error of 22 sec. 


or minus of true position, the 8-sec 


Consequently, it is possible at several positions (depend- 


ing on the number of indices) to have a maximum total 


error ot 22 ser 


, and at other positions to have a total 


But this cannot vascillate more than 


| see at a particular index point, or +0,000048 in. 


oO 
© Sec, 


error ot 


on a 10-in. radius. 
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BUSS Heat-Limiters... 


can solve many overheating problems 


THEY GUARD AGAINST TROUBLES OR DANGER BY CUTTING-OFF 
CURRENT AT PREDETERMINED TEMPERATURE 


Many types of electrical devices or 
apparatus can now be protected against 
excessive overheating creating a hazard 


or resulting in loss of material 


Properly installed, a BUSS Heat 
Limiter will open the circuit should 
anything cause the temperature to rise 
above the opening point of the therma 


t-out 


Where used: BUSS Heat-Limiters 
can be installed in the heater element 
circuit- or if the heater current is con 
trolled by a contactor they can be in 


stalled in the relay circuit. 


ANOTHER 
OUTSTANDING 
DEVELOPMENT 

BY THE MAKERS OF 


BUSS FUSES 


BUSS 


Applications: BUSS Heat-Limiters 
can be used for such widely varying ap 
plications as: Hair Driers, Refrigera 
tor Defrosters, Deep Fryers, Incuba 


tors, Ovens, Cookers, Heaters, Com- 
bination Room Coolers or other de 
vices or apparatus where failure of 
temperature control might cause trouble 


or a hazard 


jm mT tt rts 


Bussmann Mfg. Division McGrow-Edis 


send information on B Heat 


Circle 332 on page 17 


BUSS Heat-Limiters are available 
in many types and in many styles of 
terminals to suit requirement. Tell us 
your problem and let BUSS engineers 


help you solve it. 


For more information use coupon or 
Division Me 


Graw-Edison Co., St. Louis 7, Mo 


write, Bussmann Mfg 


EM 


Safety Valve HEAT-LIMITERS 





vide to Buying 


MATERIALS @ METALS e@ ELECTRICAL & MECHANICAL PARTS e@ EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 
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CABINETS, SHEET 
Metal Fabricators 


METAL. See Sheet 


CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies. Wire 
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Insulating 
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Orders for DRIVER-HARRIS Nickel and 
Nickel Alloy Wire FILLED IN 24 HOURS 


If we receive your order in the morning, it will be shipped A 
Type 





304 sizes from .0016 to .164 
he -eVe oO ; > Wy “rvice D . re ss : a S 1.UUd 0.2C 
out before evening this is the new service policy of Driver Type 316 - sizes from .007 to .0135 
Harris in the manufacture and distribution of 18 most fre- Type 330 on sizes from .0063 to .144 
* ip Ar | oe a a nn 520 
quently purchased Nickel and Nickel Alloys in wire form pis ME 2 re sizes f om .0007 to .289 
t ROME 62 wire sizes from .00045 to .289 
In addition to this new warehouse stocking program, is the ad er sep 
; ae Mi 35 wire sizes from .0031 to .258 
improved delivery schedule for Monel, Grade “A” Nickel, y , 36 wire sizes from .0005 to .036 
Inconel, R Monel and some Stainless Steels with lead time ADVANCE 49 wire sizes from .0008 to .258 
PS 27 cj} 0 101 to .1285 
reduced to only 7 days in certain cases. The following list 37 wire sizes from .001 to .1285 
M 29 wire sizes from .001 to .182 
covers immediate availabilities. For complete detailed current a z sak Ser 
: A iM 28 wire sizes from .00175 to .182 
listing showing all sizes and specifications, contact the nearest ) ALLOY 28 wire sizes from .0015 to .18 
Driver-Harris branch or call HUmboldt 3-4800 (New LEAD TIME FOR MANUFACTURING WIRE & RIBBON 
ees ; as1 
4 Jersey), REctor 2-9579, 80, 81, 82 (New York City) ae ste . pesandiean ie cas 
: RAWN NE nire sizes from .001 to .1875 
RADE “A” NICKEL re sizes from .001 to .1875 
IN STOCK READY FOR DELIVERY s 
ILD DRAWN !! wire sizes from .001 to .1875 
MON 25 wire sizes from .0021 to .091 AONE re sizes from .0285 to .204 
GRADE “A” NICKE 12 wire sizes from .0025 to .091 As low as 7 days for 
2 N 9 wire sizes from .005 to .015 TAINLE TEEL wire and ribb 
, T 3 wire sizes from .0253 to .050 Types: T-302, T-304, T-305, T-316, T-430, T-446 


)) Driver-Harris Company 





MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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og 


That’s if Exactly! 





when DANO makes your Coils 


Regardless of 


DANO 


e Form 
e Paper 





Every DANO coil is tailor made to 
customer specifications. 


type or let 


quantity, 


fill your next coil order! 


e Bobbin 


Wound 
interleave 


e Encapsulated 
e Vacuum Impregnated 
¢ Specially Treated 


TRANSFORMERS MADE TO ORDER 





THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 


molded 


ead LL hl 
ta ae 
and nuts 


Insulate and Fasten 
without bushings, 
washers, etc. In Stock 
4-40, 6-32, 8-32, 
10- 


Black Nylon 


"“NyGrip” 
cable 
clips 


Light-weight non- 
conducting support 
for wiring, tubing, etc. 
In Stock Ys” to 

1, eae DT 





Free samples « write WECKESSER co. 





5711 Northwest Hwy. e 


Circle 347 on page 


336 
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Cordierite (D) 
Zireon Porcelain (E) 
Steatite (Lava) (F) 
Titanates (a) 
Cement- Asbestos (H) 
Ferrites ar 
akron Porcelain Co.. 2725 Cory Ave.. 


Akron 14. Ohio (AB) 

American Lava Corp., Chattanooga 5. Tenn. 

(CDEFG) 
tralab, Div. of Globe-Union, Inc., 962C 

E. Keefe Ave., Milwaukee 1. Wis. (EF) 

Ceramic Specialties Co.. 444 W. 6th. East 
Liverpool. Ohio (ABCF) 

— Corp., Keasbey, N. J 
{ FI) 

nex Poreslate Corp.. Knoxville 1, Tenn 
( Cc) 

Mycalex Corp. of America. Clifton Bivd.. 
Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co.. New York Ave 
& Plum. Trenton 5, N. J. (ABE) 

Porcelain Products, Inc., 225 No. Patter- 
son, Corey, Ohio 

RT Co., 2799 Lake, Melrose Park, 

1) 

Rostone Corp , 2405 8. Concord R4., Lafa- 

yette nd 


Square D Co., 6060 Rivard, Detroit 11, 
Mich 

Stackpole Carbon Co., St. Marys, Pa (I) 

Star Porcelain Co., 34 Muirhead Ave., 
Trenton 9, N. J. (BF) 

Universal Clay Products Co., 1540 B 
First, Sandusky, Ohio (A) 


Wisconsin Porrelain Co 
Prairie, Wis. (ABF) 


122 Linceln, Bun 


CHAMBERS, TEST 
Blue M Electric Co., 
Blue Island. Ti 

Sub-Zer Products, 39 Ww. 8 
K Road Cir nnati 8 Onlo 
International Radiant Corp., 111 New York 
Ave., Westbury, L. L, N. ¥ 


138th and Chatham, 


CHARGERS, BATTERY 


Ther Electric & Machine Works 
Jefferson, Chicago 6, Ill 


lla A 


CHARGERS, MAGNET. See Magnetisers 
and Demagnetizers 

CHOPPERS, ELECTRONIC 

Airpaxr Pro ts (x Ft. Lauderdale, F 

Oo Mf ( N. « bour Ave., 


cago 10, Tl. 


CIRCUIT BREAKERS 


Airpax Products Co Ft. Lauderdale, Fila 
Br ‘ 1 S Second uf 
. Wis 
Allis-Chalmers. Milwaukee 1, Wis 
Crouse-Hinds Co.. Syracuse 1, N. Y 
Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 
E-T-A Products Co. of America, 5085 N 
Elsten Ave.. Chicago 50, Til 


Fasco Industries, In 

Genera! Electric Co 
Schenectady 5, N 

Heinemann Electrie 
ton 2, NJ 


Rochester 2, N. Y 
Apparatus Sales Div., 
y 
Co., 99 Plum, Tren- 


& Marke 


Pyle-Nationa! Co. 1388 N. Kostner Ave 


Chicago 5, Ml 

Spencer Thermostat Dir Metals & Com- 

Cor "orest Attlebor 

ur I 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Westinghouse Flectriec Corp., Gateway Cen- 
ter Bide No. 8, 41 Liberty Ave., 


Pittsburgh 22, Pa 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronie Co.. 8552 San Fernando 
Rd.,. Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass 
American Lava Corp.. Chattanoogs 5, Tenn 
‘ . I f ¢ Thilo Ir 9 


c 


E. Keefe Ave., Milwuakee 1, 


Wis 
Daven Co.. 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J 
Erie Resistor Corp., Electronics Div., Erie, 
Pa 


Methode Mfg. Corp., 7447 W. Wilson Ave 





OrT f America, C Bl: 
‘ N J 
t Cor Gie Cove, N Y 
Tube Div., Radio Corp. ef 
\ r Har " N. J 
S I t ( 307 Marsha North 
Mase 
1 States ( k ( a of 
( k Packing ¢ ( e 1 
CLAMPS and CLIPS GROUND and 
TEST 
Bur Cor Oma ‘orwalk 
( D F ) Mad Rad 
‘ Ohio 
M I rie Cc I t 
oO 
Ss Mar 4 g H. fF Battle 
( Mict 
I & Betts Co,, I r 
I iN. 42 
CLAMPS and CLIPS, SUPPORT 
H b Ir tries, Ir 445 Elm, Syca 
\ r { Avondale Are 


CLEANING COMPOUNDS, METAL 
r M I 112-130 26th, Brook 
N. ¥ 


CLIPS 


SNAP. See Rings, Retainer « 





CLOTH, INSULATING. See Fabrics, Ir 
ilating 

CLOTH TRACING. See Tracing ¢ 
Film and Paper 

CLUTCHES, ELECTRIC 

Autotronics Inc Box 812, Rt Floris 
sant, Mo 

Cutler-Hammer, Inc 1264 St. Paul Ave 
Milwaukee 1, Wis 

Dings Brakes, Inc., 4713 W. Electric Ave 
Milwaukee 46, Wis 
ton Mfg Co Dynamatic Div 
Fourteenth Ave., Kenosha, Wis 

Fawick Airflex Div. Fawick Corp 991 
Clinton Rd., Cleveland 11, Ohio 

Stearns Electric Corp., 120 N. Broadwa 


Milwaukee 2, Wis 
Vickers Electric Div., Vickers, Inc., 180: 
Lax St. Louis 3. Mo 
Warne Flectri Brake 
Dept, EM, Beloit, Wis 








& Clutch 


CLUTCHES, MECHANICAL 


Curtiss-Wright Corp. Marquette 
145 Galewood Dr.. Cleveland 10 


Div 
Ob 


XIAL CABLE, See Wire and Cable 


COA 
Insulated ‘ 


COIL CORES and FORMS 














American Lava Corp., Chattanooga 5. Ter 
Cambridge Thermianic Carp., 453 Concord 
Ave.. Cambridge 38, Mass ‘ ay 
Cleveland Container Co., 6301 Barbertor 
Ave., Cleveland 2, Ohio 
( tinental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 18, Del 
Co Plastics Co., 3239 W. 14th, Cleve 
1 ; Ohio 
Ferroxcut Corp of America 50 & 
Bridg Saugerties, N. Y 
Gr Reproducer Corp 149 Beechwow 
Ave.. New Rochelle, N. Y 
M alex Corp < America, Clifton Bird 
‘ N. J 
Na \ anized Fibre Co.. Wilming 
De 
Paramount Paper Tube Co,, 612 Lafa 
For ayne 2, Ind 
( 9540 Tulley Ave., Oak 
Sta e rbon Co Ss Marys Pa 
Serew-type, Molded Iron) 
States Gasket Co.. Plastice Div 
Garlock Packing Ca, Camder 
COILS and WINDINGS 
A Vire Co 1255 Dixwell Ava. Ne 
H . oe 
At ie Inc., 2777 Mannhe 
Des I es. Il 
A D pment Co 2836 Sth Ave 
Ss Minneapolis inp 
‘ a | ronics & Transformer Corr 
» EM Caledonia, N. Y 
( ge Thermianie Corp., 453 Concord 
4 Cambridge 38, Mass 
( r Co.. 3349 Addison. Chicago 
I 
g Glass Works. Technical Products 
Corning, N. Y Glass Inductance 
‘ 4 a I 63 Pavilior Ave 
Pr fence 5. R I 
Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milw kee Wis 
Da Electrie Co 93 Main. Winsted 
re Coils, I 1300 First. Wabas 
r Industries, 3424 Milwaukee Ave 
( 4) iil 
General Electric Co.. Apparatus Sales Dir 
Scher audy 5. N. ¥ 
( g Corp 149 Beechwo 
\ lle, N. ¥ 
( *-2. 4730 Madison R 
elf g Laboratories, P 0 
Box 101, Trenton 3, N 
RCA Electron Tube Div Radio Corp 
america, Harrison. N ; 
S rd Electrical Products C« 2240 E 
inir Dayton 3. Ohio 
I tr & Machine Works lA 8 
Jefferson, Chicago 6, Ill 4 
’ 
COIL WINDING MACHINES 
Loe Manufacturing Co., In Da 
Conn 
Coil Winding Equipment Co., Oyster Bs 
N.Y 
Fort Wayne Tool, Die & Engineering Cx 
1025 Goshen Rd., Fort Wavne Ind 
Rex Rheostat Co, Baldwin, L. L, 3 
Stevens Manuf Co., In George ) 


Chicago 30, I 
P. O. Box 1605 





COLD HEADED PARTS. See Fasteners 


COLLARS SHAFT 

( ax Metal Products (x a6 East 
140th Cleveland, 10, Ohi 

COMMUTATORS 

Electro Te ‘ D South Hackensack 
N J 

Kirkwoo Comr Corp 4855 


mutator 
130th, Cleveland 11, Ohio 

Midwest Molding & Mfg. Co., Gurnee 96 

Nippert Electric Products Cc 1759 W 

us 23, Ohio 

ommutator Co. South 
Mict 


10use Electric 







Colu 





Chestnut 


Gateway Cer 
Liberty Ave 


Corp 
401 





COMMUTATCR SAWS and SLOTTERS 
Holub Ir 445 


justries, In Elm, Sycea 








STANDARDS THAT DETERMINE RELAY QUALITY 


the ideal relay iron 


Only soft, pure iron assures 
proper release, even 

after millions of operations. 
In service, many relays get progres- 
sively slower to release, until finally 
the armature hangs up permanently. 
Excessively “hard” 
iron often is to blame. 
Automatic Electric the mag- 
netic iron is so soft and pure that it 
saturates quickly, vet the flux dies 
out instantly. Even after millions of 
operations! 


relay 
But in all 
relay S, 


magnetic 


This improved relay iron is made 
and rolled to our own exacting speci- 





AUTOMATIC 


A member of the General Telephone System - 
One of America’s great communications systems 


hemi il analysis 


fications. C then 


makes certain that no magnetic ¢Ca- 


Annealing 


pabilities have been lost 
controlled, and 
and temper carefull, 
gation, ibility, and 
density further safeguard this 
pampered material. Result: not the 


relay 


is rigidly grain 


checked. Elon 
h irdness 


tests 


perme 


idea iron, but the most nearly 


} 


é alia e. 


perfect wrt 


Ex- 
haustive tests prove that all our raw 


This is no isolated example. 


material is equally fine. It’s one of 
the many why Automatic 
Electric far longer life 


reasons 


relays enjoy 







GENERAL) 


Cae | 


Circle 335 on page 17 





COSHH EEE EEE EEE HEHEHE EEE EEES 





COPE EEOHEHEEEE EEE EHHHH He 


COCO HREHREHEREHEEEEHEEH EEE 


eee eee eee eres eeeeeeeeeeeeeeeeeee 


Series SQPC Relay for printed circuitry 
applications. Write foday for Bulleti 

RH-9. Automatic Electric Sales Corpo- 
ration, Northlake, Illinois. In Canada 
Automatic Electric Sales (Canada) Ltd 


Toront Offices in pring ipal cities 


~ 











\ Miniature 


_—.._ headless slotted 








a 


for quality, price, and delivery 


Here are miniature set screws made to the accuracy and 
quality which have built Moore’s reputation for depend- 
ability. Hardness, threads, and sizes are quality controlled 


to assure precision uniformity. 


Use Moore Miniature Set Screws . . . a fast, dependable 
source for one or a million. Available in #0 (prices on 
application), #1, #2, #3, #4 sizes in a wide selection of 


materials, finishes, lengths and points. 


Moore prices are right . . . send for 
detailed price catalog 





since 1880 


Circle 336 on page 17 


YOU'LL 
a 


ALL HERE 


p> If you are looking for new ways and means to im- 
prove your product, and save money too, here’s an idea 
source guaranteed to spark your imagination and give 
you a wealth of hints, tips, and suggestions. 

This 20-page fact-filled Stak catalog contains com- 
plete descriptive and engineering data on the full line 
of STAR Ceramics. A big selection chart, complete with 
mechanical and electrical properties, makes the job of 
selecting the right STAR material for your product a 
cinch. Like a free copy? Write today for Catalog 57. 


, JSTA rR porcelain company 


4] Muirhead Avenue, Trenton 9, N.J 


California Representative: 


Edwin E. Storr, 4101 Rhodes Ave., N. Hollywood, Calif., STonley 7-5879 


Circle 337 on page 17 


COMPARATORS, OPTICAL 


Y. 
Opto- Metric 1S7EM Varick. 


New York 13, N.Y 


COMPOUNDS, 


Insulating and Sealing; also Waxes and 


COMPOUNDS, VARNISH. See Varnishes. 


COMPUTER COMPONENTS 


Erie Electro-Mechanical Div., 


Incorporated 


CONDENSERS. See Capacitors 


Screws 


E Moore will meet your requirements 


CONDUIT FITTINGS 
1728 Wellington 


Crouse-Hinds Co 


National Co.. 1388 N. Kostner Ave 


CONNECTORS. PRINTED CIRCUIT 


Electronics Corp 


Methode Mfg Wilson Ave 


CONNECTORS, WIRE and CABLE 
5213 Eisenhower Bivd.. 


American Brass (Co., 
Electronica Corp 


Construction 


‘el @); 426 George W. Moore, Inc. 


a | 513 LG 13 BY 85 Beaver St., Waltham 54, Mass. 


Johns-Manville 


Second Ave, 


Pyle-National Co. 1388 N. Kostner Ave., 


Manufacturing 





CONTACTORS MAGNETIC 


CONTACTS and CONTACT POINTS 





m & Silver Div 








and Controls 


Gibson Electri 











CONTACTS, CARBON 
CONTACTS. HEATER PLUG 


CONTAINERS, PACKAGING 


CONTOUR PROJECTORS 


hester 2, N. Y, 
: 137EM Varick 
New York 13 


CONTRACT MANUFACTURING 





necott Copper Corp 
elopment & Mfg 


Manufacturing 























































Merkle-Korff Gear Co., 211 N. Morgan 

Chicago 7, Il 
Mirro Ahiminum Co., Manitowoc, Wis 
Stromberg-Carison, A Div. of Genera! 
Dynamics Corp 1434 WN Goodman 
Rochester 21, N. Y¥ 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 «68 Becond 
Milwaukee 1, Wis 
Allis-Chalmers, Milwaukee 1, Wis 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne Hartford 6, Conn 
Automatic Switch Co., 50-M Hanover Bd 
Florham Park, N. J, 
Clark Controller Co., 11446 E 152nd 
Cleveland 10, Ohio 
Crouse-Hinds Co., Syracuse 1. N. Y¥ 
Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 
Dales Co Franklin, 180-184 EB. Mil) 
Akron, Ohio. 
Electro Products Laboratories Inc., 450) 
N. Ravenswood Ave Chicago 40. Tl 
Fidelity Instrument Corp., 1000 E. Bound 
ary Ave., York, Pa 
ese Electric Co., 1024 McKee, Batavia 
] 
General Electric Co., Apparatus Seles 
Div., Schenectady 5, N. Y 
Hart Manufacturing Co., 211 Bartholomew 
Ave Hartford 1. Conn 
Servo Tek Products Co., 1086 Goffle 
Ra Hawthorne N d 
Square D Co 4041 N. Richards. Mil 
waukee 12, Wis 
Vickers Electric Div., Vickers Inc., 1803 
Locust, St louis 3, Mo 
Ward Leonard Electric Co., 84 South 
Mt. Vernon, N. Y 


CONTROLLERS, POTENTIOMETER 


Weston Electrical Instrument Corp A 
sub, of Daystrom. Ine 614 Frelinghuy 
sen Ave Newark 5, N. J 

Wheelco Instruments Div, Barber-Colman 
Co., 1403 Rock, Rockford, Il 


CONTROLS. FLOAT and LIQUID 
LEVEL. See Switches 


CONTROLS, PRESSURE and TEMPER 
ATURE. See also Relays, Switches 
Thermostats 

Allen-Bradley Co.. 1316 8. Second, Mil 
waukee 4. Wis 

Assembly Products, Inc., 75 Wilson Mille 
Rd., Chesterland 14, Ohio 

Barber-Colman Co.. Dept B, 1803 Rock 
Kockford, I 

Bourns Laboratories P.O Boz 2112 
Riverside, Calif 

Cutler-Hammer Inc. 1264 St. Paul Ave 
Milwaukee 1! Wis 

Edison Industries, Thomas A Inatru 
ment Div.. Mc-Graw- Edison Co 
West Orange. N. J 
Fenwal Inc.. 111 Pleasant, Ashland ase 

G-V Controls. Inc 8 Hollywood ra 
East Orange. N. J 

General Electric Co., Apparatus Sales 
Div Schenectady 5 N = 

Hart Manufacturing Co.. 211 Bartholomew 
Ave Hartford 1, Conn 

Mercoid Corp., 4201 Belmont Ave., Chi 








cago 41, Til 

Robertshaw-Fulton Controls Co Acre 
Div Columbus 14 Onto 

Spencer Thermostat Div Metals & Con 
trols Cor f Forest Attleboro 
Mas 

Square D 4041 N. Richards, Milwau 
kee i2 Ww 

Weston Electrical Instrument Corp A 
sub. of Daystrom Inc 614 Frelinghuy 





8 Ave Newark 5, N. J 
Wheel ruments Div Barber-Colman 
Co., 1403 Rock, Rockford, TM 
Wiegand Co Edwin L. 7530 Thomas 
Bivd., Pittsburgh &, Pa 








CONTROLS, REMOTE, See Push Butte 
Stations Relays and Contactors 
Switches 


CONTROLS, SERVO. Sere Servomecha 


nists 
COPPER. See Brass, Ur e and Ce 


COPPER, BERYLLIUM. See Ler 


Copper 


CORD and TWINE. ARMATURE anc 


COIL 
Insulation Manufacturers Corp 565 W 
Washington Bivd Chicago 6, Il 
Varfiex Corp.. 504 W. Court, Kome, N. ¥ 
Weatinghouse Electri Corp Gateway 
Center, Bldg. No. 3. 401 Liberty Ave., 
Pittsburgh 22. Pa 


CORD, INSULATED Mee Wire and 


Cable. Insulated 


CORD, RESISTANCE LINE. Ree Hesiat 
ance Line Cords 


CORD SETS 


Belden Manufacturing 4633 W Van 
Buren, Chicago 44. Ill 
Circle F Mfg. Co.. Trenton 4, N. J 
Cornish Wire Co Inc 50 Church, New 
York 7. N. ¥ 
Cords Ltd. Div.. Essex Wire Corp.. 121 
Dodge, DeKalb, Ill 
General Electric Cc Construction Mate 
tials Div., Bridgeport 2, Conn 
Phalo Plastics Corp.. Commercial & Fos 
ter, Worcester 8, Maas 
Royal Electric Corp Pawtucket, BR. I 
Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 80, Pa 
Wire Stripper Co, 1729 Eastham Ave 
East Cleveland 12, Ohlo 


FLECTRICAL MANUFACTURING 


WR 
ATMOSPHERE 
qe 
TANT 
i 
ae 


|r .DEOXO “ 
neasures the ¢ 
es of oxygen } 

present as 

\other gases. 


Typical steel mill installation 
of three Model 3000G Nitroneal 
Generators 


y ea oe 
Paar sr ny Bt a8 


PFESEAROSCA WAIKRTAINS BARE RS E£ EAER SAT FP N PRECIOUS METALS 
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MOSINEE.. 


Creator of Specialized Papers 





Delicate, expensive electronic component 
made by Stewart-Warner Electronics Division, 
Stewart-Warner Corporation 


MOSINEE SEVEN-O 


Neutral Papers 


...-non-corrosive protection for less than a penny 


Less than one cent’s worth of Mosinee SEVEN-O neutral 
paper may be all you need to provide prime contact pro- 
tection for delicate parts wate many dollars. 

Use SEVEN-O paper as the intimate wrap for ferrous 
and non-ferrous metals: aircraft and automotive parts, 
missile components, electronic parts and assemblies. 

Mosinee Seven-O neutral papers are chemically inert, 
non-corrosive on contact, suitable for packaging for short- 
or long-term storage and overseas shipments. These 
papers successfully replace types of expensive 
coated and laminated barrier materials where grease- 
proofness is not a factor. Available in a wide range of 
basis weights, creped or flat. 


most 


Send for free data file on Seven-O papers. 
IMPORTANT—All Seven-O neutral papers conform to gov- 
ernment specifications MIL-P-17667 and MIL-P-1 16C. 


MOSINEE 


| 
PAPER MILLS COMPANY uf 


Mosinee, 


ZgrPER 
< & 


“ 





Wisconsin 


Circle 339 on page 17 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products. 


CORES. REFRACTORY, See Ceramics 


CORES, TRANSFORMER 


— ee Corp., 352 Water, Cuba, 

American Lava Corp., Chattanooga 6, 
Tenn 

Arnold Engineering Co.. Marengo, Til 

General Ceramics Corp., Dept. ME, Keas- 
bey, N. J 

indlons Steel Products Co., Valparaiso, 

n« 

Magnetic Metals Co.. Hayes Ave., at 21st 
Camden 1, N. J 

Magnetics, Inc., Box 891, Butler, Pa 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Il. 

Stackpole Carbon Co.. St. Marys, Pa 

Thomas & Skinner.. Ince., 1114 EB. 28rd 
Indianapolis 7, Ind. 

Westinghouse Electrie Corp., Gateway 
Center, Bldg. No. 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

COUNTERS. See also Instruments, Blec- 
tronic; Relays 

Berkeley Div. of Beckman Instruments. 
Inc., 2200 Wright Ave., Bichmond 8 
Calif. 

Bonech Manufaeturing Co.. Inc., Danbury. 
onn 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave.. Fort Wayne, Ind 

Eagle Signal Corp., 202 20th, Moline, ML 

Kellogg Switchboard and Supply Co., 
6650 S. Cicero Ave., Chicago 88, Ill. 

Production Instruments, Div. of Genera! 
Controla Co.. 8074 McCormick Bivd 
Skokie, Ill 

Veeder-Root, Inc., Hartford 2, Conn 


COUPLINGS, CLUTCH. See Clutehes 


COUPLINGS. FLEXIBLE 

Climax Metal Products Co., 868 Bast 
140th. Cleveland 10. Ohio 

Eaton Mfg., Co., Dynamatie Div., 8807 
Fourteenth Ave., Kenosha, Wis 

Lovejoy Flexible Coupling Co.. 4803 W 
Lake, Chicago 44, Ml. 


CRYSTAL DIODES. Ree Rectifiers. Sem: 








conductor; Transistors end) = s Crystal 
Diodes 
CRYSTALS, QUARTZ 
RCA Electron Tube Div Rad ( 
f America, Harrison, N. J 
DELAY LINES See Computer Compo 
nents 
DIAL LIGHT ASSEMBLIES. See 
DIALS and PANELS 
H Cort D f 1 I 
I Po Box New 
eee a ‘ v.oM 
aster O 
DIE CASTINGS. See ( gs, Die 
DIELECTRIC HEATING UNITS See 
High Fr i 
DIE-SETTING TOOLS 
Strippit ¢ 9 B aire 
‘. ¥ 
DIES, PRECISION, LAMINATION Et 
s & In W } 4 = S 
4 Xe a, Y 
s k » 
| wa ‘ y 
Cit Die & 
age A = : 
DIODES. See K r : J r 


DRAFTING EQUIPMENT 
MATERIALS 


& Esser ( il N 
0 4 oD ( 4 e & 


and 


DRAFTING REPRODUCTION 





MACHINES 
. so“ 
t I 
Oo Ar e & I 
Y 
ORIVES. BELT 
Chalmer M 
DRIVES airy ciel s 4 S 
Mr ‘ D 1) 
\ \ 
I r ‘ \ Ss 
S y 
fr r « I r ( 
. e oO 
S ‘ D ~ Ele D 
( ‘ Ave I N 
a % tr ( ( x 
I N ] 4 
DUCTS, WIRING (Control Panel 
s e 2 se 4 I I wa 
Y 
s Brothers 1 Works, I D 
KE. Belding, M 





ee = orn om 








DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears 

DYNAMOMETERS 

Chati & Sons, J , 85 Clif New 
York N. ¥ 

Eaton Mfg. Co Div 3307 
Fourte t Ave Ww 

General | tr ate s 
D Schene 

I s& M or 

W gt t t ‘ Gateway 
Center, | N 401 I y Ave 
I a 

ELECTRICAL SHEETS. ~ - 
ica 

ELECTRONIC COMPONENTS. See spe 


ELECTRONIC TUBE COMPONENTS 
Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete 

Ame a I a ¢ ( & 

Te 

Fitel-Mct £ l Sa ( f 

For Ra & M 
J k N Y 

ENAMELING SHEETS . 

” Fer and ¢ 

ENAMELS See La ers I ‘ 
ra ‘a i 

EYELETS and GROMMETS 

Chase Br & Copper | . 











I 230 Park 
K Ru Co ~ Ave 
( ag I 
{ States Cask ‘ 
{ I Garlock Pa 
N 
FABRICS, INSULATING. (Sheets, Tapes 
Yarns, Thread, Cord, Etc.) 
Glass Fiber, Varnished Cambric, Cottor 
Liner ik Asbestos, et See als 
Tape and Sheeti ng. thet Resin 
Tu A Fabri 
me e New 
2 Barclay 











ns-Ma ville Dutch 
300 Woodlawn A‘ 
Mining 
Div 

Ming 
orp., 207 Randolph Ave., 


Brand Pr 


ducts 
, Chicago 19, Ill 





& Mfg. Co 
900 Fauquier 


Electrical 
Ave., St 


Wood 


Co Elee 
Woodbridge 


ing 





Owens-Corning F 
Ave New 


iberglas 


Corp 

York 22, N 

Raybestos-Manhattan, Inc., Plastic Prod 
ucte Div., Manheim, Pa 

Varfiex Corp., 50 Court, Rome. N.Y 
Corp Gateway 

401 Liberty Ave., 


598 Ma 
Y 


jison 





and BLOWERS 





teal Div 


Diehl Manufacturing Co 
o . Som 


f The S 
erville N J 
Emer Electric 
M 
Fasco I 
Globe I 
Heinze Flect 
ell, Mass 
Revcor, 251 Edwards, Carpentersville, Tl 
Robbi Myers In Propeller Div., 
j Onlo 
Manufacturing Co 


Co., St. Louis 21, 
I Rochester 2. N. ¥ 
Dayton 4, Ohio 
685 Lawrence, Low- 





co 


Torring 





FASTENERS (Bolts and Nuts; 
Snap Assemblies; Pins; 
Washers and Screws; 
Serews; Rivets; Screws; 


Lock and 

Pre-assembied 
Recessed Head 
Washers.) 


Bolts and Nuts 
Machine B 

ve Bolt 
Self- Locking 
Sheet Metal 

D 
Screw 
Cold 





(c 
Spring Assembly 


Lack 


Nuts 


i erts (EB 
ed and Rolled Threaded 
Parts (F 





Pins 
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PRODUCT-DESIGN 


MEMOS FROM DUREZ 


Electrical-grade phenolic Fire-retardant prepreg 
Large inserts no problem 





sten carbide tools. It is designed to meet shelf life of six months or more unde! 
’ the requirements of Miul-P-14D, Type normal storage conditions 
MFI For a list of manufacturers of prepreg 
If these properties suggest a place for rials, write us. For data on the Hetror 
16274 in a current project, check the resins with which they are made. check 
coupon for a special 4-page bulletin de the coupé 


tailing properties and molding and finist 
ing procedures For an evaluation sample 


write us On your Dusiness tterhead 


Fire-retardant prepreg 


Now you can meet the most exacting 1 
quirements for reinforced plastic parts that 
must be strong, tough, and flame-retardant 

You get these properties in a new pre- - 
preg, made with Hetron* polyester, that 


eliminates weighing, mixi 





of resin in your plant 





This material provic The! Sincé’& Cuidies Mtg. c 


high tensile, flexural, an 
smooth glossy surface 


Big inserts no problem 
strength retention. It is 





without the use of additives Do you hesitate to specify large molded 
The drapable sheet conforms to complex in-phenolic inserts for fear the phenolic 

curvatures, facilitating layup. It is supplied will crack? 

in rolls up to 60 yards long, which have Your molder can now allay your ap 


Brain cells for a bird 





sions—with Durez 18001 Black 


prehe 


iu ‘ lan 1 > 1 x ' > ws largo 
Chill fog swirls in around the slim white Developed specifically for use with large 


nissiles poised on their launchers. From metal inserts, as in this brush-holder cap 
louds massing above, snow begins to for an electric hammer or saw, 18001 is 
piral faster and faster highly crack-resistant. It combines many 
For these silent sentinels on 24-hour other qualities: high dielectric strength 
itch, weather can be an enemy. Within excellent dimensional stability: arc resist 


he missile, and in the incredibly complex 


ance of 180 seconds by ASTM D495 


cost 





ctronic brain that guides it, thousands 


of parts and connections must be ready to For a more complete rundown on 1800 


nection perfectly in the few vital seconds yupon and 


} ol u rocket’s flight 





This is one of the basic reasons why 


any thousands of mechanical and elec 
} 








rical missile Components are made with | : ; 
Pure 6274 Natura 4 mineral-filled | For more information on Durez materials mentioned above. check 
phenolic with highly stable electrical char | Electrical-gri molding compound, Durez 16274 
; t 
Terist s 
c IC | Hetron polyester resins (technical data file 
| Phenolic molding compound, Durez 18001 
| Clip and mail to us with your name, title, c address. (W 
| samples, please use business letterhead 


aed 
Le ala 





PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 


Molded by standard compression or 
transfer methods, 16274 has excellent sur- 


face finish and can be machined with tung- 1303 Walck Road, North Tonawanda, N. Y. 
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Dress Up Your Products 


with these 


NEW 
KNOBS 





Desigxed by Robert Podali 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 W. Monticello * Skokie, Il 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries. 
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Cap Nuts (G) 

Spade Bolts (8) 

Welding Nuts (Clinch-on N 
Wing Nuts (W) 


Aluminum Co. of America, 2241-C Alcoa 
Bidg., Pittsburgh 19. Pa (A) 

Bristol Co., Socket Screw Div., Water 
sury 20, Conn. (A) 

Burndy Corp... Omaton Div Norwalk 
Conn 

Chase Brass & Copper Co. Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 
(ABCF) 

Continental Screw Co., New Bedford 
Mass (AB) 

Elastic Stop Nut Corp. of America, Dept 
N30-322 2330 Vauxha Rd., Union 
N. J. (ACDEN) 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Id Des Plaines. Ii! 


Fischer Special Manufacturing (Co., 446 
Morgan, Cincinnati 6, Ohio (AG) 

Gries Reproducer Corp 149 Beechwood 
Ave New Rochelle, N. ¥. (GW 

Groov-Pin Corp., 1128 Hendricks Cause 


way, Ridgefield Park, N. J. (E 
Harper Co., H. M., 8204 Lehigh Ave 
Morton Grove, Ill ABC 
Hassall, Inc., John, P. O. Box 22: 
bury L. I N Y F) 
Keystone Bolt & Nut Corp., 127 





New York 7. N. Y. (AB 

MacLean-Fogg Lock Nut C 535 N 
Wolcott Chicago 40, TH ( 

Milford Rivet & Machine ¢ Milford 
Conr BF) 

National Lock C Rockford, Tl A 


Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N.J 


Cc) 

Parker-Kalor Div General American 
Transportation Corp Entin Rd cue 
tor N J (AB 

Prestole Corp 12303 Miami, Toledo 5 
or (Dp 


Russell, Burdsall & Ward Bolt and Nut 
Co.. Port Chester. N. Y. (ABF) 





Shakeproof Div of Tilinols Te Works 
St. Charles Rd gin, I! c) 

Sterling Bolt Co 363 W. Erie. Chicag 
1 ARF) 

Thompson-Bremer & (<« Sut Americar 


Machine & Foundry Co., 221 N. LaSalle 
Chicago 1, I (c) 


Tinnerman Products, Ir P. O. Box 6688 
Cleveland Ohlo D 

United-Carr Fastener Corp Cambridge 
42. Mass ACTDE) 

Wenco Mfg. Co., 1136 W. Hubbard. Chi 
ago 22 tl 8) 


Lock and Snap Assemblies Door Panel 
Shelf Support and Mounting, etc.) 
Dimco-Gray Co., 210 E. 6th. Dayton 
Ohio 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Tl 

Simmons Fastener Corp 1752 N. Broad 
way, Albany 1, N. Y 






Pins Cotter (F); Locking and Taper 
; Spiral Coll (M) 
& Copper Co.. Sub. of Ker 








necott per Corp.. Waterbury 
Conn. (F 

Elastic Stop Nut Corp. of America. Dept 
N30.322 80 Vauxhall Rd Ur 
N. J.«G 


Groov-Pin Corp 1128 Hendricks Cause 
way, Ridgefield Park, N. J G 

Sterling Bolt Co., 363 W. Erie. Chicane 
ml 


Pre-Assembled Washers and Screws 


Continental Screw Co.. New Bedford Mare 

National Lock (o., Rockford, I! 
Cc Port Chester, N. Y 

Shakeproof Div. of Tilinole Tool Worke 
St. Charles Rd Elgin. Til 

Thompson-Bremer & Co Sut Americar 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Il 

United-Carr Fastener Corp.. Cambrider 
42, Mese 


Recessed Head Serews 
Bristol Co., Socket Screw Div.. Waterbur 


°0 Conr 

Chase Brass & Copper Co., Sub. of Kenne 
cott Copper Corp., Waterbury 20. Conr 

Continental Screw Co New Bedford 
Mase 

Fleo Tool & Screw Corp Rockford, 11! 

Harper Co.. H. M., 8204 Lehigh Ave 
Morton Grove, Tl 

Keystone Fx & Nut Corp., 127 Church 
New York 7. N. ¥ 

Milford Rivet & Machine Co.. Milford 
Conn 

National Lock Co., Rockford. M1 

Parker-Kalon Div General Americar 
Transportation Corp., Entin Rd cir 
ton. N. J 

Russell Rurdsall & Ward Bolt end Nut 
Co.. Port Chester, N 

Shakenre Div. of Tilinote Tool Works 
St. Charles Rd., Elgin, MI! 

Rtandard Pressed Steel (o.. Jenkintown 9 
Pa 

Bterling Bolt Co., 363 W. Erie, Chicago 

me Bremer & Co.. Sub American 











Machine & Foundry Co.. 520 N. Dear 
born, Chicago 10, Til 

Rivets 

Aluminum Co. of America »41-C Alcoa 


Bldg Pittsburgh 19, Pa 
Chase Brass & Copper Co., Sub. of Kenne 
cott Copper Corp., Waterbury 20, Conn 
Chicago Rivet & Machine Co., 9609 W 
Jackson Bivd., Bellwood, Ill 
Continental Screw Co New Bedford 
Mass 
Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd. Des Plaines. Ill 


ELECTRICAL MA? 




























Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. ¥ 

Harper Co.,, H. M 8204 Lehigh Ave 
Morton Grove, Ill 

Hassall, Inc., John, P.O. Box 2225, Weat 
bury, L. I, N. ¥ 

Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y 

Milford Rivet & Machine Co., Milford 
Conn 

Russell, Burdsall & Ward Bolt and Nut 
Cc Port Chester, N. ¥ 

Sterling Bolt Co., 363 W. Erie, Chicag: 
at] 

Thomson Mfg. Co., Judson L, Dept. D 
Waltham 54, Mass 


Screws Cap and Set, Machine (H); Seif 
Tapping (J) 


Allen Manufacturing Co 133. Bheldot 
Hartford 5, Conr 
Alu im ¢ { America, 2241-( A ‘ 
Bldg Pittsburg ' Pa 
Bris ‘ Socket Screw Div Watert 
Contr H 
tr & Copper Co., Bub. of Kenne 





cott Copper Corp Waterbury 20, Conr 


Cor ental Screw Co New Bedford 
Hd 
Co H M 8204 Lehigh Ave 
no Grove, Il (J 
Inc., John, P.O. Box 2225, West 


N. ¥. (HJ) 

Harvey, Bridgepor 

ystone Bolt & Nut Corp 
New York 7, N. ¥ HJ) 

Milford Rivet & Machine Co., Milford 
Conn HJ 

Moore, Inc., George W., 85 Beaver, Wa 
tham 54, Mass. (H) 

Nat al Lock Co., Rockford, Tl. (J 

Parker-Kalor Div General Americar 
Transportation Corp Entin Rd cit 
ton, N. J HJ) 

Russe Burdsall & Ward Bolt e~d Nu 





Congr 
Churet 








Ce Port Chester, N. ¥ 
Set Screw & Manufacturing Co., 113 
Main. Bartlett, I H 


Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Ml. (J) 

Sterling Bolt Co 63 W. Erie, Chicag 
1 Til. (HJ) 

i-Carr Fastener Corp., Cambridge 42 

s. (HJ) 








Washers Flat (K Lock and Spring 

Auburn Manufacturing Co., 306-I Stack 
Middletown, Conn 

Chase Brass & Copper Co., Sub. « Kenne 
cott Copper Corp., Waterbury 20, Conn 
(KL) 

Continental Screw Co., New Bedford 
Mass. (KL) 

Cosmo Plastics Co.. 3239 W. 14th, Cleve 
land 9. Ohio (K) 

Ford Radio & Mica Corp., 536-540 63rd 
Brooklyn, N. Y. (K) (Miea) 

Garrett Co Ine George K., Torresdale 
Ave. at Tolbut, Philadelphia 36. Pa 








Harper Co.. H. M., 8204 Lehigh Are 
Morton Grove, Ill. (L) 

Keystone Bolt & Nut Corp., 127 Churct 
New York 7, N. Y. (KL 

National Lock Washer Co., 40 Hermon 
Newark 5. N. J. ¢(L) 

Palnut Co Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J 
(L) 

Russell, Burdsall & Ward Bolt and Nut 
‘ Port Chester, N. Y 

Shakeproof Div. of Tllinols Tool Works 
St. Charles Rd., Elgin, Ml. (L) 

wv as Bolt Co, 363 W. Erie, Chicago 

Thompson-Bremer & Co.. Sub. Americar 
Machine and Foundry Co., 228 N. La 
Salle, Chicago 1, IIL (KL) 

United-Carr Fastener Corp Cambridge 42 
Mass. (L) 








FELT 

Continental Felt Co., Ine., 22-26 West 
5th, New York 11, N. ¥ 

Western Felt Works, 4021-4139 W. Ogden 
Ave... Chicago 23, Tl 


FIBRE. PHENOLIC. See Plastics—Mold 
ing. Laminating, Casting and Extrusi 


Compounds 


FIBRE, VULCANIZED. (Board, Sheet 
Rod. Tubing) 


Continental-Diamond Fibre. A Sub. of The 
Budd Co... Newark 13. Del 





Insulation Manufacturers Corp 565 W 
Washir Bivd Chicago 6. Tl 

National Vulcanized Fibre Co., Wilming 
ton 99, De 

Spaulding Fibre Co Ine., Tonawanda 
rr 


Stahlin Brothers Fibre Works, Inc., Dept 
E. Belling, Mict 

Taylor Fibre Ce Norristown, Pa 

West Virginia Pulm and Paper Co 23 
Park Ave., New York 17. N. Y 


FILTER ELEMENTS, POWDERED 
METAL 


Amnplex Div Chrysler Corp Detroit 
Mich 

Radio Cores, Ir 9540 Tulley Ave. Oak 
Lawn, Tll 


FILTERS, RADIO 


Aerovox Cor New Redford. Mass 
Audio Develonment © £8236 13th Ave 
M ! 7 Minr : 
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tay 
resistors 


Unusually versatile 
Vitrohm® resistor 
a) 
design problems 


Did you know that high reliability Vitrohm Resistors can 
take on almost every shape the designer needs? More than 
11 styles fit almost every design requirement. All have the 
same outstanding Ward Leonard quality—quality that 
protects your reputation as an equipment designer. For 
example: 

1 FIXED Vitrohm tubulars come in 5-to-200 watt sizes. 
2 AXIOHM, standard in 3, 5, or 10 watts, with axial leads 
is ideal for compact electronic gear. 3 ADJUSTOHMS make 
it easy to get the right voltage, bleeder or bias current. 

4 NON-INDUCTIVE Vitrohm tubulars, up to 160 watts 
in stock sizes. Famous flatted sides and ‘Ayrton-Perry’ 
winding keeps down inductance and capacitance. $ DISC- 
OHMS, at 24 watts, feature extra compact mounting and 
6 PLAQOHMS, sizes to 150 watts, are also non-inductive. 
7 STRIPOHMS, from 20 to 75 watts, are another way to 
save space — an easy, compact way to stack mount resis- 
tors. 8 RIBFLEX resistors (made to order) can dissipate 


up to 550 watts and take terrific momentary overloads. 
Resistances from 0.04 to 66 ohms. 

9 FERRULE TERMINAL resistors (made to order) fea- 
ture fuse-clip-type mounting. 10 SCREW BASE resistors 
(also made to order) are suited to equipment requiring 
ready change of resistance values. 11 BRACKET TERMINAL 
resistors have leads silver-brazed to mounting brackets. 
Mounting the resistor completes electrical circuit. 

12 MIL-R-26C Vitrohm Resistors available in all styles 
—all sizes—all characteristics and all resistance values 
listed in the specification. 

Designing with power resistors is easy with the 64-page 
Ward Leonard Catalog 15. It’s full of data on these resistors 
and more. Write for your copy today. Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, N. Y. (In Can- 
ada: Ward Leonard of Canada, Ltd., Toronto.) 


a LIVE BETTER... E/ectrically | i. 


Cormee™ 


\\ 
Mil 
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THE SELENIUM 


RECTIFIER 


USED TO EXCITE LARGE 
SYNCHRONOUS MOTOR 


@ to save floor space 
@ to eliminate maintenance 


In this installation there 
was no floor space for an 
old-fashioned rotary ex- 
citer. Wall-mounting a 
quiet, economical, compact 
Ther d.c. power supply 
solved this problem. 


Can dry disc rectifiers 
solve your problem? 


When dependability 
counts .. . specify 


THER | 


Model T-3'/2-4S1VNS all steel d.c. power supplies 
cabinet. 0 to 150 volts d.c., 


} 





32 Kw, continuous duty. 


Write for bulletin 1712,"3 Phase [> ~ rrca 
~ Selenium Industrial Rectifiers” —— 





THER ELECTRIC & MACHINE WORKS 


Established 1915 
11A SOUTH JEFFERSON STREET « CHICAGO 6, ILLINOIS 
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Sealed against 

oil, water, dirt, cold, 
dampness, fuels, 

and solvents. 


Se 


TYPE 


EAI he 


ELECTRICAL RATING 


5 5 





The Type EA1 
environment-free Sees 
switch Samp. 30 volte dx 
is contained in a SENS eer 
corrosion-resistant 

aluminum case, 

with an elastomer plunger-seal 
bonded to the 

Operating pin and the case 

It is furnished with wire leads 
of any specified length. 


Its a 


OVERALL SIZE 
7/8” x 11/32” x 3/4” 


WEIGHT: 1/2 ounce 


Write today for 
engineering data sheet 
on the Unimax EA] 


UNIMAX SWITCH 


Division The W. L. Maxson Corporation 
IVES ROA WALLINGFORD, CONNECTICUT 
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Electrie Corp., South 





General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

eae & Co., Inc.. P. B., 
é nd 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Tobe Deutschmann Corp., 

United Transformer Co., 
York 18, N. ¥ 


Indianapolis 


Norwood, Mass 
150 Varick, New 


FINISHES, PRODUCT See Lacquers 
Enamels, Paints and Varnishes inish 
ing 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Baliasts, Compensa- 
tors, Control Units, Starters and Trans- 
formers. For Resistors, see Resistors 
Instrument and Radio; also Capacitors 


Aerovox Corp., New Bedford, Mass 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Chicago Standard Transformer Corp., 3501 
A son, Chicago 13, Ill 

Circle F Mfg. Co., Trenton 4, N. J 
seneral Electric Co., Construction Mate 

Div., Bridgeport 2, Conn 








So ectric Cc 4633 W. 16t? Chicago 

Sprague Electric Co., 307 Marshall, Nort? 
Adams, Mass 

s nia Electr Products, Inc., 1740 
Broa 19. N. ¥ 

We Corp Gateway 
‘ 401 Liberty Ave 

FOILS, WIRE MARKING 

Kingsley Stamping Machine Co 850 
( ga Blvd Hollywood 38, Calif 


FOOT SWITCHES 


See Switches 


FORGINGS 


American Brass Co Cr 
e Brass & Coy enne 
Conover Corp Conr 





Philadelphia Bronze & Brass Corp., Gut 
of P. R. Mallory & Co., Inc., 22nd and 
Master. Philadelphia 21, Pa 

Revere Copper Brass. In 230 Park 
Ave., New York 17, N. Y. (Non-ferrous 


FREQUENCY METERS. See Instruments 
FUSE HOLDERS, MOUNTINGS and 


CLIPS 


Burndy Corp Omaton Biv., Norwalk 

Russmann Mfg. Div., 
St. Louis 7. M 

Holub Industries, Inc., 445 Elm, Sycamore 


McGraw-Edison Co 


1 Industri Ir 
I Ir € I 


1008-C Park Ave 
Sycamore, I 

Dept. F-2 

inci ti Ohio 

Jones Div., Howard B., 

Chicago 24. I 

ti Elec 


73@ Madison Rd 








Cinch Mfg. Corp 


Mfg. Co., 4227 W. Lake 





age 





Shermar Manufacturing Co., H. B., Bat 
tle Creek, Mich 

Square D Cc 6060 Rivard, Detroit 
Mict 

FUSES 

Burnd ( Omatun Dir Norwalk 
‘ 

B na Mfg. D McGraw-Edison (c 
S auis 7, Mo 

Genera Electric C Apparatus Sales 
D S andy 5. N. Y¥ 





Royal Electrie Cort Pawtucket, R. I 
Westing e Electr Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 

Pittsburgh 3 Pa 
GAGES. TEMPERATURE, PRESSURE 


and VACUUM 


Edison Industries, Thomas A., Instrument 
Div Mc-Graw- Edison Co., Wert 
Orange, N. J 

Servomerct s Inc., Mechatrol Div., 1 








Brooklyn. Westbury, L 1., N. ¥ 

We 7 tlectrical Instrument Corp A 
Sub aystrom, In 614 Freling 
huyee Newark 5, N. J 

Wheelco Instruments Divs., Barber-Colmar 


Co 403 Rock, Rockford, Ili 


GALVANOMETERS. See Instruments 


GASKETS 
Auburn Manufa 
Middletown, ¢ 


turing Co 306-I Stack 








Chase I s & Copper Co., Sub. of Kenne 
tt Conper Corr Waterbury 26, Conn 

Chicago Rawhide Manufacturing Co,, 1279 
Elston Ave., Chicago 22, Il 

Crane Packing Co., 6424 Oakton, Mortor 
Grove, 1 

Electro Tec Corp South Hackensack 

G é Rubber Co., Inc P. O. Box 517 
Goshen, Ind 

Johns-Manville, Box 14, New York 16 
N. ¥ 


Raybestos-Manhattan, Inc., Plastie Prod 
iets Div.. Manheim, Pa 

Roth Rubber Co., 
cago 5 Il 

United States Gasket Co., Plastica Div 
of The Garlock Packing Co., Camden 1 
N. J 

Western Felt Works, 
Ave., Chicago 23, 1 


1860 S. 54th Ave., Chi 





4035-411 Ogdeo 


GEARMOTORS. See Motors 


ELECTRICAL MANUFACTURINE 





GEARS and PINIONS 


American Stock Gear Div... Perfection 


Gear Co., Harvey, Ill 

Amplex Div., Chrysler Corp., Detroit 3) 
Mich 

Beaver Gear Works, Inc., 1685 Parmele 
Rockford, Ill 


Bowmar Instrument Corp., 2415 Penney! 
vania Ave.. Ft. Wayne, Ind 

Continental-Diamond Fibre, A Sub. ef The 
Budd Co., Newark 13, Del 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines. Ill 

Gear Specialties, Ine., 2685 W. 
Ave.. Chicago 47, Ill 

Gries Reproducer Corp 148 Beechwoed 
Ave., New Rochelle. N. Y¥ 

Merkle-Korff Gear Co., 211 N 
Chicage 7, Lil 

Radio Cores, Inc 
Lawn, I 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Ill 

United States Graphite Go., 1621 Holland 
Saginaw 8. Mich 

Westinghouse Electric Cerp Gateway 
Center. Bldg. Ne. 3, 401 Liberty Ave 
Pittsburgt 0, Pa 


Medil! 


Morgan 


540 Tulley Ave.. Oak 


GENERATORS. See Motors t 


GENERATORS, ELECTRONIC 


Daven Co., 536 W. Mt. Pleasamt Ave 
Route 1 Livingston, N. J 

Genera Electri Co., Apparatus Sales 
, Schenectady 5. N. ¥ 

General Electric Co Flectronics Div 7 ) 
' r s Park, Syracuse 1. N. ¥ 

Howard Industries Inc 1720 State 


Ka e. Wis 


GERMANIUM DIODES. See Rectifier 
Semiconductor; Transistors and Crysta 





GLASS-BONDED MICA 

Diamond Fibre. A Sub 
Budd ¢ Newark 13, Del 

General Electric Co., Laminated Products 


of The 


Dept., Coshocton, Ohio 
Mycalex Corp. of America, Cilfton Blvd 
Clifton, N 


GLASS-FIBER YARNS, CLOTHS and 
TAPE. See Fabrics. Insulating 


GLASS, TECHNICAL 
; Works 
~ oe he 

1010 Main, Elkhart. Ind 


Technical Producte 





Lancaster Glass Co., 220 W. Main, Lar 


caster, Ohio 


GOLD, ROLLED (Plate and Wire) 












Price ard Industries Ine Ameri 
Pia & Silver Div.. 231 N. J. Rai 
ro Ave Newark 5. N. J 

Enge rd Industries, Ine., Chemica] Div 
« taker Platinum Div., 113 Astor 
Newark 5. N. J 

Pngelhard 1 istries. Inc., H. A. Wils 
D 9 U.S. Rte. 22, Union, N, J 

General Plate Div Metals & (vontrols 


( J Forest, Attleboro, Mass 
Handy & Harman, 8&2 Fulton, New York 
38, N. ¥ 


GRAPHITE. See Carbo and Graphite 


GREASE. BEARING 


Dow Corning Corp., Midland, Mich. (Siii 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 

Fastex Div. of Iilinots Tool Works 5 
Algonquir i Plaines, Ill 

Heyman Mfg. Co., Kenilworth 1. N. J 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Ml 






Walker (x George, 118 Amsterdam Ave 
Passa N. J 

Weckesser Co., 5711 Northwest Highway + ‘ 
Chicag 30, I 

GYROS 

Kearfott ¢ I 1378 Main Ave. Clif 
ton, N. J 


HARDNESS TESTERS 


Opto- Met Tools, In 137EM Varick 
New York, N. Y 4 





HARNESSES and ASSEMBLIES, WIRE 

Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 50, Ill 

Belden Mfg. Co., 4633 W. Var 
Chicago 44, Til 

Brand & Co., Inc 
1, Conr 

Cornish Wire Co 50 Church 
., ae 

Drake Manufacturing Co 
bard, Chicago 22, Ml 

General Electric Co., Construction Mate 
rials Div Bridgeport 2. Conr 

Phalo Plastics Corp... Commercial & Foster 
Worcester 8. Mass 

Switchcraft, Inc., 1328 N 
ago 22, Til 

Wire Stripper Co 1729 Eastham Ave 
East Cleveland 12, Ohio 


Burer 


William, Willimanti 


New York 


1711 W. Hub 


Halsted, Chi 


HEADPHONES and HEADSETS 

Automatic Electric Sales Corp., Northlake 
I 

Stromberg-Car)son A Div. of General 
Dynamics Corp 117 Carlson Rd 
Rochester 3, N. ¥ 
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Cord Plug and Insert Molding—simple and easy—with the 


.. MOSLO DUPLIMATIC 


Designed especially for molding cord 
f = sets, and plastic items requiring inserts 
\ if or multi-color molding, such as keys for 
business machines, the Mode! 11, 3- 
ounce Moslo DUPLIMATIC affords 
continuous operation. 

A dual lower mold allows a single 
operator to load one side while the other 
side is automatically molding. There is 
no lost time or waiting around on the 
part of the operator. 





The production output of a Moslo illustrated are parts 
DUPLIMATIC exceeds that of a larger produced on the 
size competitive machine requiring 3 to 4 MOSLO DUPLIMATIC 


operators. 

Many outstanding electrical manufac- 
turers are producing a large percentage 
of the nation’s requirements in cord sets 
and grommets with DUPLIMATICS 
For your own cord set and insert work, 
it will pay you to investigate the exclusive 
features of the Moslo DU PLIMATI( 

We will be glad to arrange for a con- 
sultation and help you with your molding 
problems. Financing Plan available- 
Write or call today 





Moslo 2-Station shifting 


ble permits loading one 


side while parts are being 


jutomatically moided or 


the other side 


MACHINERY COMPANY 
2445 PROSPECT AVE . CLEVELAND 15. OHIO 
Circle 345 on page 17 





A “where-to-find’ answers to 1001 problems 
IN product development and research .. . 


| UCKY the engineer who has a file of back issues of ELECTRICAL MANUFAC- 
4 TURING to facilitate research on materials, components, circuits and sys- 
tems. But luckier still the engineer who possesses the “key” to that file—the 
Cumulative 5-Year Annotated Editorial Index. It lists by functional subject 








classification all feature articles published in ELECTRICAL MANUFACTURING 
during the period 1950-1955. This 60-page file-size book includes an outline 
of the editors’ functional system of subject classification—useful in setting up 
your own data files—an alphabetical subject cross index, also a comprehensive 
author index. Copies may be ordered at $2.00 each from The Gage Publishing 
Company, 1250 Sixth Ave., New York 20, N. Y. (When requested, order will 


include a gratis copy of the separately bound 1956 Index.) 





Electrical Manufacturing 
5-Year Cumulative Annotated Editorial Index 
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time switches — 

motor starters — 

lighting — equipment 

control — all applications 

requiring complete reliability and long service life. 


All parts are accessible—readily inspected, easily 
replaced. Full floating armature permits perfect 
magnetic seating, silences AC hum. 

Contacts are copper to copper. Heavy compres- 
sion springs assure contact pressure, quick opening. 
Coil will not overheat in 24-hr. continuous service. 

Zenith contactors are made for severe 
duty. Capacities to 400 amps. 


Send for this handy new bulletin 


See classified telephone directory 
for name of local distributor 


182 WEST WALTON STREET + CHICAGO 10, ILLINOIS 


Circle 348 on page 17 


High-Impact-Strength 
High Temperature 


New PHOENIX “Pemester” 


High performance Phoenix ‘“‘Pemester’’ 
Brush Holders and Caps are for motors 
that get the really rugged duty... new 
‘‘Pemester’’ material gives high-impact- 
strength, dimensional stability up to 
400°F.. and molds to close tolerances in 
any quantity . . . Available only from 
Phoenix in the complete “‘Customized- 
Standard” line of sizes and types— or 
to your specifications. 


Write for full information contained 
in big, new, easy-to-use Phoenix Cata- 
log 57-E. Your copy free on request. 


PHOENIX ELE C MANUFACTURING CO. 
4211 West Loke Street 


Chicago 24, Illinois 
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HEATING ELEMENTS and UNITS 


Anderson Controls. Inc 2777 Mannheim 
Kd., Des Plaines, Il 

Cutler-Hammer, Inc 
Milwaukee 1, Wis 

Driver Co Wilbur B 1875 McCarter 
Highway. Newark 4, N. J 

General Electri Co Apparatus Sales 
Div., Schenectady 5, N. Y¥ 

Still-Man Manufacturing Corp 
164th, New York 56. N. ¥ 

Vulcan Electric Co., Danvers 2, Mass 

Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 14. Me 

Westinghouse Electri Corp Gateway 
Center, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa 

Wiegand Co E,diwin L 7530 
Bivd., Pittsburgh 8, Pa 


1264 St. Paul Ave., 


. 429-33 E 


Thomas 


HEAT LIMITERS 
Bussmann Mfg. Div... McGraw-Edison Co 
St. Louis 7. Mo 


HERMETIC SEALS 


minals, Hermetic 


See Seals and Ter 


HIGH-FREQUENCY HEATING UNITS 

Allis-Chalmers, Milwaukee 1, Wis 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Radio Receptor Co In Semiconductor 
Div 240 Wythe Ave Brooklyt 


Cort Gateway 
3, 401 Liberty Ave 


HIGH NICKEL ALLOYS. See Nickel and 
Nicke A ~ 


HOLDERS, COMMUTATOR BRUSH 

Midwest Mold 
I 

Mycalex Corp. of America, Clifton Blvd 
Cliftor N J Giass-Bonded Mica 

Phoenix Electric Mfg. Co., 4211 W. Lake 
Chicago 24. Il 


ng & Mfg. Co., Gurnee 96 


IMMERSION HEATER UNITS. See Heat 


ing Elements and Ur 


IMPACT EXTRUSIONS, ALUMINUM 
ter-Douglas uminur Corp Dept 


3NATING COMPOUNDS. See Ce 


Insulating and Sealing; Waxes and 


INDUCTION HEATING. See High-Fre 


quency Heating Units 


INFRA-RED LAMPS. See Lamps. Incan 
jescent and Infra-red 


. ELECTRICAL MEAS 
TESTING 
New Bedford, Mass 
et I 75 Wilson Milis 
4. Ohio 
94 Belmont 


85 Cl New 


) Mt. Pleasant Ave 
Route 10. Livingston, N. J 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y¥ 

Helipot ~ Beckman Instru 
ments Box 458. Newport 
Beach 

Industrial Ir iments. In 89 Commerce 
Rd., Cedar Grove, Essex County, N. J 

Industrial Test Equipment Co.. 55 E. 11th 
New York 3. N. Y¥ 

Moseley Co., F. L., 408 N. Fair Oaks 
Ave Pasadena, Calif 

National Pneumatic o., Une.. 
Cabot Div 125 Amory 
Mass 

Precision Apparatus Co., Inc., 70-81 84th 
Glendale 27, L. I., N. ¥ 

Sensitive Research Instrument Corp 810 
Main, New Rochelle, N. Y¥ 

Simpson Electri Co 5200 W 
Chicago 44, Til 

Texas Instruments Incorporated, 6000 Lem 
mon Ave Dallas 9, Texas 

Triplett Electrical Instrument Co., 
ton, Ohio 

Westinghouse Electric Corp Gateway 
Center Bidg. No. 8, 401 Liberty Ave. 
Pittsburgh 22. Pa 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Ir 614 Frelinghuysen 
Ave Newark 5, N. J 

Wheelco Instrument Div Barber-Colman 
Co., 1403 Rock, Rockford, Ml 


Holtzer 
Boston 19 


Kinzie 


Bluff- 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic: 
Recorders, Magnetic 


Berkeley Div. of Beckman Instruments. 
Inc., 2200 Wright Ave., Richmond 8 
Calif 

Brush Instruments, Div, of Clevite Corp., 
3405 Perkins Ave., Cleveland 14, Ohio 

Daven Co 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J 

Hewlett-Packard Co., 4621M Page Mill 
Rd., Palo Alto, Calif. 

General Electric Co., Apparatus Sales Div 
Schenectady 5. N. ¥ 

Industrial Test Equipment Co., 55 E. 11tb 
New York 8. N. ¥ 

Librascope, Inc., 


808 Western Ave., Glen- 
dale 1, Calif 


Maxneti Amplifiers I 632 Tintor 
Ave.. New York 55 

Banborn ( Industrial 175 Wyman 
Waltham 54, Mass 

Simpson E tr 5200 W 
Chicago 

Triplett Electrical Instrument Co., Bluff 
ton, Ohi 

Union Switch & Sigr Div., Westinghouse 
Air Brake Cc Pittsburgh 18, Pa 

Westor Kiectrical lostrument Corp A 
sub. of Lays n, It 614 Frelinghuy 

gen Ave Newark 5. N. J 


Kinzie 


INSTRUMENTS 
STANDARD 
Chatillon & 3S Johr cum, New 

York, N. ¥ 
Electro Products Laboratorie y 450) 
Ravenswood zo 40. Il 
tr sratus Sales 


LABORATORY 


Fair Oaks 
Radio Freque 
iT N 


Bensit ' nu 

Rovhelle N \ 
Triplett ectr netr Bluff 
Westing! Gateway 
Liberty Ave 


Cort A 
614 Frelinghuy 


Barber-Colmar 


INSULATING MATERIALS. Bee follow 
ing specific headings 

Cement ns ting and Sealing 
Ceramics 
Cork and 


Compositions 
ulating 


Vulcanized 
Bonded Mica 
tie Wire and Cable 
ed and Laminated 
jlating 
Molding, Laminating, Casting 
nd Extrusion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Rubber Products 
Silicones 
Sleeving and Tape, Asbestos 
Tape and Sheeting, Synthetic Resin 
Tape, Friction and Splice 
Tubing and Sleeving Braided Fabric 
Tubing and Sleeving. Extruded Plastic 
Tubing Paper 
Varnishes, Compounds and Resins, In 
sulating 
Waxes and Compounds 


INSULATION. WIRE and CABLE 
(Ceramic and Synthetic) 

Americar Lava Corp Chattanooga 
Tenr 

Bakeli ) nion Carbide Corp 


Sprague Ele 
Adams, Mass 


IRONS 
Eq 


SOLDERING ee Soldering 


ISOLATORS. VIBRATION and SHOCK 
oe we g r r 


and Synthet 


JEWEL LIGHT ASSEMBLIES 
Lights, Pilot and Indicator 


KNOBS. CAPS and HANDLES 

Davies Molding ¢ Harry 1428 N 
Wells. ¢ 1 

Din Gray , 6th Dayton 2 
or 

Kurz-Kasct r 1419 S. Broadway, Day 


rt 22 W Mair 


& Mfg. Co 


Gurnee 9F 

799 Lake, Melrose Park 
I! 

Rogan Brother 8027 N 
Skokie Til 


Monticello Ave 


LACQUERS. ENAMELS. PAINTS and 
VARNISHES, FINISHING 

Allied Research Products, Inc 4004-06 
E. Monument, Baltimore 5. Md 

Aluminum Co of America, 2315 B Alcos 
Bidg., Pittsburgh 19. Pa 

Bakelite Co., Div. of Union Carbide Corp., 
30 E. 42nd, New York 17, N, Y. 

Dow Corning Corp Midland Mich 
(Silicene Resir and Varnishes) 

du Pont urs & Co In E. I 
Finishes r Wilmington 98, Del 

Sherwin-Wi! ms Co.. General Industrial 
Div Cleveland 1, Ohio 


LAMINATED METALS. PRECIOUS and 
BASE (Sheet, Tube and Wire) 

Brainin Co.. C. S 20 Washington. Mt 
Vernon, N. ¥ 

Engelhard Industries ne., Chemical Div 
& Baker nur iv., 113 Astor, 
Newark 5. N 

Engelhard Industries H 
Div.. 2655 U.S te. 22, Unt N 

General I’late Tis Metals ar Controls 
Corp., 1903 Forest, Attleboro, Mass 


Handy & Harman, 82 Fulton, New York 
38, N. ¥ 


Wilson 
J 


A 
on, 
1 


ELECTRICAL MANUFACTURING 





More than 3500 variations ot 275 Stock Mold Parts 


MAKE YOUR PRODUCT 
DISTINCTIVE Gi ao ertf214a cost 


HARRY DAVIES MOLDING COMPANY 


Circle 350 on page 17 


SPADE BOLTS 


FHP motors... engineered 


especially 
for your 
product 


AE engineers are recognized speciali 
ult FHP motor applications. By caref 
nd testing of your product, they « 
money in selecting the right moto 
RAE offers outstanding service 
arge variety of motors. Available \ 
250, and up to 16 H.P higher for 
juty with many gearhead motor combinat 
Find out how RAE motors can improve your prod- 
ict and reduce costs as they are doing for other 
leading manutacturers 
*Send for the ‘RAE’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices 


AC DC Universal * DC Shunt Wound *« 

i DC Series Wound * Gear Reduction 
ie Motors * Governor Controlled Motors * 
a dg Motors for Rheostat Control * Motors for 


Electronic Control * Permanent Magnet 
Motors and Gearmotors 


2009 Kewaunee Street 
Racine, Wisconsin 


Circle 351 on page 17 


or 

sw 

7~ae* 
wwneer™ 
eee” 
e@ oe 


Makers of DAKA-WARE Products 


1428 North Wells Street ° Chicago 10, Illinois 


SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALI 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCI 
OVER 1) STYLES IN ANY SCREW SIZE, MATERIAL, FINISH 
QUANTITY, OR TO YOUR SPECIFICATIONS 





SERVING INDUSTRY FOR THIRTY FIVE YEARS 


Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS * SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22,1LLINOIS 


Circle 352 on page 17 347 






















LAMINATED PLASTICS. See Plastics MACHINES. & ecift 
a = ‘ ‘ 
LAMINATIONS. MOTOR and roductien: | Mi z. 
TRANSFORMER s ~ 
M M s Co Hayes Ave a 
M Box 391, Butler, Pa ; 
a & Skin 14 E. 23rd MAGNETIC AMPLIFIERS 
\ x , Fort Lauderdaie 
} 
rin e LAMPS, FLUORESCENT Berk : ¢ Beckman Instrume 
. % . I t Ave Richoend 
oO ‘ 1 Rutler, Pa 
k ( Gateway |} r ot Oerp 
=e «8 berty Ave : 
sa ‘ i . ‘ Appapeatus waite 
Diode AMP ; orem ree a . 
LAMPS. INCANDESCENT and K ‘ ™ 8 Maia A 
Matrix of INFRA-RED ( ‘ 
Etched Buss : Electric ¢ Nala womrh: aes — 4 = Tr an 
Bars (Two Side oO . si \ New 5 N. ¥ 
Panel) for selec- met Co Gateway Vickers I : _ — Ine _ 
tive interconnection i Q vl s Ora Oistiears 
berty Ave 
LAMPS, MERCURY VAPOR 
For custom made development samples, pilot runs, a ‘ Nela Park, Cleve MAGNETIC BRAKES. See Brakes. Mae 
Cm Me a ( Gatew : 
Te Si uM et a) #01 Liberty 4 
production tooling, . Pa MAGNETIC MATERIALS. See ft 
Methode's SPECIAL CIRCUIT DEPARTMENT offers a service LAMPS, MINIATURE (Pilot and Indi : Eee 
- 5 , ‘ ator 
especially geared to rapid handling of these requirements. Parts x 
5 ature Lamy 
may be purchased completely fabricated from temporary \ and 12. 0 MAGNETIC RECORDER COMPONENTS 4 
tooling or with circuitry only (for model shop drilling, routing f ner ae river ra 8 M 
- FA Hy e i wa R k 4 N 
PECL du RIM Ce MG eg) Mf co aitctue ck Mine: tie. Meattied 
benefit from the uniformity, simplicity and economy of printed ave i s aa 400 Fauquier °.. 8 
circuits. Engineering of a printed wiring panel may be s berz-( m A Div f Gener 
uM CTA a ie Le LAYOUT FLUID Sd reear alia aes y Carlson | 
( I St. Leuls @ . 
LENSES. PRESSED GLASS MAGNETIZERS and DEMAGNETIZERS 
( ( ‘ Se r aboratories, 1 Box 
Y N. d 
( r 2u w Ma 
oS MAGNETS. PERMANENT 
; é a: ; . 4 } ring ¢ Mareng 
Write for booklet of complete design information: LIGHTING FIXTURES General Electric Co., Metallurgica 
oe deal tele ei | ) e , M fs turing Oe.. Va cts t E. 8 Mile Ave. De 
Address: Manager, Special Circuit Dept. ) oP ! roducts Valpar 
METHODE aad Cc LIGHTS, PILOT and INDICATOR Te 
LIG Ss iL an Ir . s 7. Ind 
G- orp. Arrow art & geman Electric Co 3 
Haw y Har i 6. Cenr ; rT , 
. 7 7 * ue > ! <2, i 
7447 W. Wilson Ave., Chicago 31, Ill. Ca ‘ Ce, Dept. 500, sgn SAGHET WIRE. Ses Wine. Mazen 
i os Angeles 31, Calif 
Cr H ‘ Syracuse 1, N. ¥ MARKERS. IDENTIFICATION 
Circle 353 on page 17 Dialight Corp., 44 Stewart Ave., Brooklyr Brand & C William, W 
I Manuf g Co. 1711 W. H : . : : 
ag tl sa 
‘ Co Randolph Ave.. Wo 
a Park . 
H g ( 
4 te ‘ nr 
H ring I ) Bimwoed Are MARKING MACHINES and DEVICES 
Sher ; Pa For marking Wire Foil, Pilates, et 
E. F 331 Second Ave King < c Machine < 
<M a, Minr Ca ga |} lollywood 38. Calif 
q y ( 88 N. Kostner Are 
~ Co 4041 N. Richards. Mil MATERIALS HANDLING EQUIPMENT 
’ ‘ al-Dia Fibre A 8 , 
The | ( Newark 13. De 
Na Fibre Co., Wiln 
LOCKNUTS and LOCK WASHERS ‘ ) 
7 . R ck M I Crane & H 
LUBRICANTS een eee — 
< WW th, New Yerk 2¢ 
x MERCURY RELAYS. See Relays 
BRICATORS, OIL and GREASE MERCURY SWITCHES. See Switches 
Mfg. Co. 1846 8 Kilbour> METALS, LAMINATED. See La 
m4 a 5, Ma , 
METALS. PRECIOUS { 
LUGS and TERMINALS 
4 5284 Eisenhower Blvd METALS. RARE 
Waterbury 20. Conr . 
I rica Products Carp 225 eee ut ‘ 
N. J . ' 
i Omator Div Norwalk ar a ¢ 
. . ' 
‘ ' Corp., 458 Concord 
4 ‘ S Mase 
Hart } ring Cc 211 Bartholomew METERS. HOUR 
( Kenilworth 1, N. J I 6 


with your products! wf. city's tr neers. 





‘ B., ¢ h Mfg. Corp L M 
Let us show you how to save money and in- Kr Cinepak, 1048 Mane, CMR 
crease efficiency with the proper use of felt. Malco Tool and Manufacturing Co., 4021 1 i 
M f America, Clifton Blvd 


Segments, Washers, ete 


‘ . f MICA. MOLDED aed LAMINATE! 
FRE Sampies and Applica- aan ae ne ee 





tions of Industrial Felt. ees Org, C8 Pee a, Tee: Boe SOx, Set., Wiliom, Willies 
*made to S.A.E. and Federal Govt. Specifications Rombeeree. DS. Een, wee waren: Cornentel- Diamond Fis, 2. 8 
s Manufacturing Co., H. B., Bat F M ( 4 
CONTINENTAL FE’ Res COMPANY. inc ricer & Wecsts Oo. Mes,, (BD Ration. .Giagerel Miecsis On, Laminated 3 
yy ees eee tL 4 al “Sy NEW YORK 11,.N.Y a a i hase eee Te eae ta 
y Mact & Foundry Ce 228 N. La W Rtor Le 
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MOTORS 


Integral, Ov 5 Hp 
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( 
A 
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oO Mt ( Avi t 
: I GHUVY& 
Ser a Sy r 
Rae M r Cort 9 Kew Racine 
CIF YZ& 
7 ectr & Engines I 
eve } © Nf 
R k r ( 4 ra. Calif 
4 
Ro x M M r D 
< Oo I BPGIKS 
R . ‘ Act 
0 RB 
< A Fe Mo BCT 
s 7 Me r Dis 
7 k A Wes I I 
@ O.. Electr Motor Dir 
( Ohio (FE N0Q 
Tr Fleetr & Mact e Works * S 
@ TI 
T a rical M ee | Loe Angeles 
4, Calif. (FKNQY 
Wagener mtr Corr 454 Plymout? 
e < AL $ M FGKLNYZ 
We z t Corr Gateway 
Center z ‘ 4 Liberty A 
tet Pa (BCDEFGHJKLM 
NOPQRSZA 


TUNE NEESER 


MICA UNDERCUTTERS 


Sycamore, Ill 
MICROPHONES 
‘ Fair 
> ’ 
Sales 
y 
MICROSCOPES INSPECTION and 
MEASURIN( 
‘ x 7 —e 


MOLDED INSULATION and MOLDED 
PRODUCTS M as 


MOLDING MACHINES. PLASTic 


MOLYBDENUM Sheet and Wire) See 


( a 


MOTOR BASES. ADJUSTABLE 
‘ i \I ‘ Ww 


MOTOR CONTROLS and STARTERS. See 


M r B S 


MOTOR GENERATOR SETS 


M M 
a Cor I P er Div 4441 8 
Santa Fe A Los Angeles 58, Calif 


MOTORS and GENERATORS. See Motors 


MOUNTINGS. RUBBER and 
SYNTHETIC 


Joins -Manville Dutch Brand ro 
g ‘ 1. Ave 2 


MOVEMENTS 


CLOCK and TIMING 
H 4 


4 4 & Wortt } 


NAME and INSTRUCTION PLATES 
I r G . \ Ma 


NICKEL and NICKEL ALLOYS 
Rod, Sheet, Tubing, Wire 


American Brass Vater 





NICKEL-SILVER 
Rod, Sheet, Tubing, Wire 


terbury 








Inc., 230 Park 
yy 
Riverside-Alloy Metal Div H. K. Porter 
Co Ir Riverside, N. 
Seymo Manufacturing Co Seymour 


Conn 


NUTS. See Fasteners 





EGE CC Fe 


POWER SUPPLY CORDS 


... engineered 

from end to end 

for longer service life, 
speedy assembly! 


ic 


ROYAL ELEC 


ciate of Tntérnation 


élephone and Telegraph Corporatio 


PAWTUCKET 



























Whether you require an 
assembty futty engineered 
fo your specihc applica- 
tian... or if you choose 
it from one of the indus- 
try’s widest assortments 
of.stock molds for caps, 
eennectors and strain re- 
hefs you can depend 
om Royal Electric power 
supply cords. Royal stock 
molds are available for 
molding in rubber, neo- 
prene or vinyl, to black 
or.colored Royal cords of 
required lengths... deliv- 
ered--on schedule 
to meet your exact 
ptoduction and as- 
sembly needs. 

Send: us your de 
sign “specifications 
or write fort our 
Power Supply 
Cord Catalog No. 


5-54. 


Cc CORPORATION 


RHODE ISLAND 


Circle 355 on page 17 349 
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OHMETERS. See Instruments PHOTOELECTRIC CONTROLS 











General Apparatus Sales Div 


) OILERS. See Lubricators, Oil and Grease Schenects N. ¥ 
Merceid Cort 4201 Belmont Ave., Chicagc 
OSCILLATORS See Instruments 1 I 
t 1 Co t EM-12 43 Vesey 
OSCILLOSCOPES. See also Instruments Ne York 7 

+ ‘ a2 Electror Recorders Oscillographie ng se Elect ‘orp.,Gateway Cen 
. General FElectri Co., Apparatus Sales er. Bide 1 Liberty Ave. 

ef \ ; premens . 

r t I 


























Div.. Schenectady 5 . : 
Hugt Products, Electron Tube. Div. of "ie ) aca " na 4 Bo 
hes Aircraft Co.. International Air 4 way e r N pn 
weet — Los Angeles 45, Calif = Neoware F 
. CA ectror be adio Cort 
fiw tans >. * PILLOW BLOCKS. See Blocks, Pillow 
Simps I Co 5200 W. Kinzie 
( . 1 PINS. COTTER and LOCK. See Fasteners 
Weston Electrical Instrument Corp., A aut 
f Daystrom. I 614 Frelinghuysen PLASTICS. COLD MOLDED and INOR 
Ave Newark 5 w. J GANIC. See Cera s 
PACKINGS. See Gaskets 
PLASTICS. MOLDERS EXTRUDERS 
PAINTS. See La ness eietats and FABRICATORS 
a Varnishes t 








PALLADIUM. See Platinum and Ptat oF 8. 
& Products 7 : oe ; 
: Pa 
mal | PANEL CONTROL UNITS Anchor Plas 7 Moai .! 
Allen-Bradley ¢ 1316 S. Secor M a aes Rael sine Stack 
x WwW M ‘ 
Arrow-Hart & Electric Co ; 
















F Ss al Cory 20th Moline ‘ Diam Fibr A Ss of 
I ‘ N s bh 
‘ c € A a S ‘ \ Cleve 
gS ——. 
I Ele ‘ 7T , 
, ( 6 Oa M 
s A. 4 N. Richards. M reavion fa ; , oN Wells 
Regular Tap-Lok Insert waukee Wis ‘ 
War rd Electric ¢ 4s ; , a ig i : 
. Wes e biectr Corp., Gateway Ce ss ( S fA 
r N 4 berty A = ‘ Ave ( 
WW : _ Barber. i ' Pla 
Repreducer Cors ! « 
PANELS, DIAL. See Disis and 1 : 
~ ' ‘ 
MI { A 
rea o PANELS SHEET STEEL & s 
af | ricators } s } 
0 
PAPER INDUSTRIAL . . F 
* I a. I 8£ Pur hase 1 
Ww ° x 4 a 4 Paper Co o3 N r i 
Series ""H'’ Tap-Lok Insert ark New York 17. N. ¥ é 
i PAPER, INSULATING , s Corp... ¢ i 
Do you need more strength in threaded connections in the 3 ; . baetecs ‘<2 
A ‘ Dixwe ave New € oe , 
newer structural materials? TAP-LOK INSERTS are the ( rie Mant 
( i Fibre aaah 
simplest, lowest-cost method of meeting this requirement ( Newark 18. De ¢ 
; ‘ , Se Purchase 
They require only two simple operations: drill the hole, iver, 2M I I re, 8 NM ‘ 
ut ° Ho Ss 
install the self-tapping insert. No special hole preparation ; Co.. 300 How a i ; 
no separate tapping operation no gauging no sec- 7 r . Plastics = Det S ‘ 
ondary staking no possibility of crossing threads Manufacturers Corp. 
Ir M sota Mining A y : 
Tap-Lok Inserts are M g Argyle Terrace ef River R Oak 
eevee 4 r § ‘ tow 
o = a 
made in two types—the M Box 14, New York c f 


Regular Series, with a eee ad 
2B internal thread for ranaee 


TAP-LOX... : : atvar r andolph Ave., Woo e 


general applications in 











s Tonawa 
INSERTS aluminum, magnesium N. Y 
> eens emma x ‘ Paper On 5 rT? ir ' , 
- af ; ing d 2 rar PLASTICS—MOLDING LAMINA N 
erase and zinc die castings and , ; \ N.Y CASTING and EXTRUSION 
So sand castings; and the COMPOUNDS 
oe fi; : Cor; = = PAPER PHOTOGRAPHIC M 
H eries, with 2B or: Sai meres d 
3B internal thread for . . oD ¢ General Acilise 6 , 
: cit N . 
use in wrought and high , . 
y len j ( 
strength alumir and SAPER TRACING. Ges Srator Cloth 
EE magnesium Castings, as l y 
np! ; r«< ( 
In aircraft application PERMANENT MAGNETS. Kee Magnets L 
Tap-Lok Inserts are made in accord- PHOSPHOR BRONZE 
ance with MS 35914 Rod, Sheet, Tubing, Wire : . 
4 r Brass (¢ Ww y ‘ 
I & « r ¢ aa ae 
‘ x Cor Vaterbur Cor 
M r & I R Indianapolis 
M r ( Cor : 
Revere ( r and Brass, Ine, 230 Park : 
ave., New York 17, N’ ¥ ~ 
Send for te Ba neering) Riverside, Nod 
( } y ] 
{ Seymour ‘ ‘ 8 e 
these folders : ents tino tel nabeae 4 
PHOTOELECTRIC CELLS and TUBES I New York 17, N. ¥ 
Gener Electr ( Apparatus Sales EFHIMUY 
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OLOR-KEYED 
for SPEED 


A COMPLETE NEW LINE OF T&B METHOD COM- 
PRESSION CONNECTORS—Color-Keyed for use WITH 
THE NEW LIGHTWEIGHT TBM5 COMPRESSION TOOL 


The full range of wire sizes from No. 8 AWG 
to 250 MC M is covered by the new Color-Keyed 


Connectors—in all styles, for installation on 
copper conductors. 
The new Color-Keyed TBM5 Compression 


Tool is easy to use. It makes permanent, high 
conductive joints every time. 
T&B Method, Color-K can save you time 


; r&B Distributor for a 


eved 
and money—ask your 
demonstration. 


Sold only under The T&B PLAN of Wholesaler Distribution 


THE THOMAS & BETTS CO. 


NCORPORATEODO 
28 Butler Street. Elizabeth1, New Jersey 
THOMAS & BETTS LTD. 


ENGINEERED Montreal, P.Q., Canada 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 
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printed circuits 


Only Norplex offers you one-source manufacturing 
on base laminates and printed circuits. One source ‘ ’ r : 
for three big advantages . . . undivided manufac- Gene uM Controle SOLENOIDS 
turing responsibility ... fast, coordinated research 
in developing special base laminates and circuits 
. and the resulting one-source-saving in costs. 
Whatever your quantity, large or small, whatever 
your needs ... 1 or 2 side circuitry, selective sol- ia te as ca 
dering, flush for switching applications... get the 
3 big Norplex advantages. Write today . . . sending Rae ae ee eke 
print, or request complete Norplex information. 


SLEEVING and TAPE, ASBESTOS 
Over 5,000,000 Norplex printed circuits in use! 
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SOUND and VIBRATION METERS 
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Se a 
Ce Os 
he 


LINE ELECTRIC COMPANY 


AE 
INDUSTRIAL TIMER CORPORATION 


271 South 6th St. © Newark 3, New Jersey 


Wilder MICRO-PROJECTOR 


with VERTICAL LIGHT BEAM 


New. model long range 
measuring stage 1” x 4” 
reading to .0005”. 


DO IT BETTER 


ay ee et ee 
10X and 100X magnifica- 
tions. 


<> 


fe Chae 
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OPTO-METRIC TOOLS. wc 


137 EM VARICK STREET, NEW YORK 13, N.Y. 
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Meet More Needs — Site fees. ae” St toonee 


w-Hart & Hegeman Electric Co., 10 TACHOMETERS 
Hawthorne, Hartford 6, Conn. (ACDHK 


. a. ‘ ted eeearct 

Solve More Problems MPRT) ee ee ae 
Automat Electric Sales Corp., Northlake ame 

I BCDGHLNRSTVW , 
Automatic Switch Co., 50-M Hanover Rd 
Florham Park, N CHR 


SYNCHROS 


IDEAL Production Strippers are generally : 
known as “the fastest on the market.” What- 3. Keefe Ave waukee 1. Wis 

ever your needs, even if you don’t consider _ 

them problems, an IDEAL Stripper will give ; TAGS. TERMINAL 
you better work, faster and cheaper! Below RPWY nee National Band & Ta 
is solid evidence —a condensed list of wire Yhieago 4! (SW) 7 0-354, Newpet, By 


x 
Natvar Cor 7 Ra 


stripping needs that IDEAL Strippers are ind 10. Ot eee ridge 
called upon to fill every day: Coma ri $349 = Addison 


) f Globe-Unio: 


TANTALUM 
Soreng 


R, RF, CF, AF, Radio Hook-Up, Lead-In et Park, Til (ABELPS) — PAnuoel iets 

Wires, etc., up to 7/16” in diameter .. . ae oe oe oS . 

Any cotton, silk, synthetic (plastic) insula- ; ee — " 

tion or rubber coverings from fine stranded rtiss-Wright Co teats 3. 2. A ee ane 
or solid conductors up to 7/16” in diameter cel LP ae aaa Shee 

. . » Plus most types of Film Insulated Wire 

(AWG +50 to AWG £0) as close as 

14" from the body of the winding or coil 

form. 


COIL 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below. N.S. (HG oe re TAPE, FRICTION 


ation Manufact 


and SPLICE 
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. , Wire size AWG #50 to #25. oes thom 908 — 
For high-speed production REPLACEMENT WHEELS: r n Elect . ar 
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single conductors, solid or less cost per pair than the ) 
stranded wire up to a maxi- average of other good quality ughlin Ave, P 1 n TAPE and SHEETING, SYNTHETIC 
mum of 3/8” outside diameter. wheels. 2 6. C ee 


I ns 


FREE CONSULTING SERVICE 
— SEND US SAMPLES OF YOUR WIRE 


We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 


your needs most exactly. Send us your samples now. 6 : ARBCDEF). 
D f Minnea 
‘ Freeport 


Sold through America’s Leading Distributors 
In Canada: Irving Smith, Ltd. Montreal 


IDEAL INDUSTRIES, Inc. 


1008-C Park Avenue, Sycamore, Illinois 
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Radio Engineering Show 
New York Coliseum 
New York City 


March 24-27 


3222 North 33rd Street, Milwaukee 16, Wisconsin 
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MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


@ Aluminum, steel 
or rine 
@ Big variety 
styles, and size 
@ For aircraft, radio, tele 
phone motor ond 
- nerctor monufactur FREE SAMPLES AND FOLDER LISTING 
t ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG C0., P. 0. Box 9-254, Newport, Kentucky 
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POTTING COMPOUNDS 


YOU CAN BE SURE OF for 


‘ 
power and ballast trans- 


and component 


ers, Capacitors 


solenoid coils; stator 


minal 


ssemblies: 
vindings; tel 
many others 

Available in 
brochure ind th 


exposures anne 


BIWAXK 
Write for 


on complete line A 
showing specs 


both thermoplastic 
ermo-reactive types with or 
thout heat conductivity proper 


High and low temperature 


BIW AX 


CORPORATION 


3442 Howard St * Skokie, Illinois 
Phone AMbassador 2-3339 
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WATCH YOUR 


Reliance Speed Indicator 


This all electric unit consists of three parts, a pick-up, an 
indicator, and a two wire electric connecting cable. Stand- 
ard scales are available, reading from 0 to 750, 1500, 2000, 
2500, 3000, 4000, and 5000 rpm. Special scales are avail- 
able that measure in units other than revolutions. 


Reliance Speed Indicators may be mounted either directly 
to the shaft, or offset. An electric connecting cable up to 
300’ long may be used for remote readings. 


Write for Bulletin A-2405 


RELIANCE 


DEPT. 273A, CLEVELAND 17, OHIO 


Sales Offices and Distributors in principal cities 
Circle 369 on page 17 


FOLDING DOUBLE CUPPED WASHER LUGS 


LIST PRICE COMPLETE 


$126.20 


Including pick-up, indi 

cator, mounting parts, 

and 10’ of electric cable. 
Quantity discounts. 


ELectrRic AND 


ENGINEERING CO © 


(= Solderless x 6 4 


CO Easy to Apply 
memeeg No Special Tool Needed 
i Oo-r_—< One-Piece Construction 
JX 


mesQQ yreyi 2c. ae 
C= Tn Nn 


~ 
1043 EVANS STREET, CINCINNATI 4, OHIO 


Seer 
cena 
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Fully Automatic — Air Powered — SPEEDCRAFT 


CABLE STRIPPER 


Can be built to strip any size or lengtt 
Backed by 30 years experience 


Does the 
Job Right— 


AT LESS 
COST... 


Precision built to last a lifetime. An abundance of power at tre oendous 
speed with no damage to strands — easy to operate — always in 
service. No repair parts except knives ever sold. Send 3 foot sample and 
stripping specifications for full data. 


WIRE STRIPPER CO. 


copper 


1729 EASTHAM AVE., 
E. CLEVELAND, OHIO 
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Ma W inste 


Industries, 3424 M 

ago 41, 
Electran Mfg 
Chicago 14 
neral Electri 


Schenec 


waukee Ave 
Clybourn Ave 


8 Sales D 


TRANSFORMERS 
VOLTAGE 


VARIABLE 


TRANSMISSIONS and 
VARIABLE SPEED 


CRYSTAL 


TRANSISTORS and DIODES 


UBE PARTS 


Electronic 


UBES. CATHODE RAY 


CA 


UBES, ELECTRON (Industrial 


TUBES 


METALLIZED GLASS 


ila 


TUBES, PHOTOELECTRIC. See Phote- 


electr Ce Tubes 


TUBES, THERMOCOUPLE 


4 4 
Conn 


TUBING, ALUMINUM, See Aluminum 
TUBING, BRASS 


PER, See Brass, 


BRONZE and COP.- 
Bronze and Copper 


TUBING, FIBRE. See Fibre 


TUBING LAMINATED 
Laminated Metals 


METAL Sre 
Precious and Base 


TUBING, MICA. See Mica 


TUBING, NICKEL and NICKEL ALLOY 
See Nickel and Nickel Alloy 


TUBING, PAPER 


Cleveland Container ¢ 6201 
Ave., Cleveland 2 

Continental-Diamond Fibre. A Sub 
Budd Co Newark De 

Paran t Paper Tube Corp 
ette Ft Wayne I 


Barberton 


f The 


TUBING, SILVER 
Alloys 


See Silver and 


TUBING and SLEEVING BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin 


TUBING and 
PLASTIC 


SLEEVING, EXTRUDETL 


Sante Barbers 


STEEL 


TUBING 


TUNGSTEN. S 
Fansteel Met 


UNDERCUTTERS 


UNIVERSAL JOINTS 


VACUUM TUBES See 


VALVES, MOTORIZED 
OPERATED 


burgh 


VARNISHED 
Insulating 


FABRICS 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn 

; te Co., D f Union Carbide Cort 

E. 42nd, New York 17, N, ¥ 

Borden Co., Resinite Dept.. Santa Barbara 
Calif 

Borthig Co., Inc., George C., 242 Paterson 
Ave., East Rutherford, N. J 

Brand & Cc Inc., William, Willimantic 
tonr 





Dow Corning Cort 
Silicone 

du Pont de Nemours & Co In 
Pia s Div P 
Wilmington 98, De 

Durez Plastics Div Hooker Ele 


i Walck R 
Tonawanda 


icago 6, Ill 
ta Mining & Mar 
Irving 


VARNISHES, FINISHING. See La 


Va shes, } 


VARNISHES INSULATING See 


a Res 


V-BELTS. See Drives, Belt 


VIBRATION TEST MACHINES 


A ratus Sa 


WAXES and COMPOUNDS 


WEDGES and PEGS. ARMATURE 


ur 


WELDING EQUIPMENT 
( t } r Cx Apr 


WELD NUT 


WHEELS BLOWER 


ur 


HINES See 


WINDING MA 
uf : 


WIRE AND ABLE BARE 


Phelps-Dodge 
Wayne, Ind 
erside-Alloy Metal Div H. K 
‘ Ir Riverside, N. J 

Roebling’s Sons Corp., John A., Sub. of 
Fuel & Iron Corp Trenton 


Copper Products Corp., Fort 
I Porter 


Colorade 
2.N. 42 
Rome Cable Corr 
Sylvania Electri 
Broadway 


Rome, N. Y¥ 
Products Ir 1740 
New York 19, N. Y¥ 


WIRE and CABLE, 
Asbestos ( 
Ru ? ( 
Varnished Fabric 
Thermoplasti 
Coaxial Cable 


INSULATED 


l& WwW 


Insulated 
i Br 

hase Brass & Cor 
necott Copper Cort 


V 


ire Div 1 8 


Steel 
Bidg., ¢ 3 


eveliand 
1830 8. 54th 
25 Broad 
ABCTX 
4633 W Van Buren 
ABTX 
William, Willimantic 
Wire Co 53 Brook 
Conr T 
Sub. of Ker 


ry Conr 


A BCT 


WIRE, MAGNET 


Haver 4. Conr 
Anaconda Wire and 
way, New York 4 
Mfg C 


WIRE MAGNETIC 


WIRE MARKING 


WIRE, RESISTANC 


WIRE STRIPPERS 


WIRE TIES 


WIRING DUCTS. §S 


WIRING HARNES 
\ W 


WORMS and WORM 


WRENCHES 


soc 


YARNS. BRAIDING 


ZINC 


New Jersey 
York, N. Y 


Zine ¢ 


RECORDIN( 
MACHINES 


E 


ea I 


SES 
WHEELS. § 


KET SCREW. § 


W 


3 and SERVING. See 


‘° 


OPHAR 


"~~~-WAXES 


~ 
ty 


~~. COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc 


Cold flows from 100 F. to 285 °F. plain 
or fungicidal 


Special waxes non-cracking at —76 F 


Let us help you with your engineering 
problems 


For immediate service 
L. E. Mayer, 
A. Saunders 
H. Saunders 


contact 

Sales Manager 
Technical Director 
Chemical Laborotorie 


Phone SOuth 8-0907 


ZOPHAR MILLS, INc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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..|. Electrical Coil Windings 


For 40 years specializing in all types of 


coils to customers’ specifications. Design or 


engineering assistance available on request. 


COTO-COIL CO., INC. 


CE 1917 


63 Pavilior 


Circle 373 or 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 

soft-hair brush for ap- 
plying right at bench: 
metal surface ready for 
layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare In- 
creases efficiency and 
accuracy. 

Steel Boe Write for somple 
e on company letterhead 


THE DYKEM COMPANY 
e St. Louis 6, Mo. 
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% STILL 
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120 


100 


Q% RATED LIFE 


If you want 


reliable transformers 


..don’t overlook this old solution 


Right now, you demand more from 
transformers than ever before. You 
must have high reliability, even at 
extreme altitudes, and need 
smaller lighter units. 


you 


Used, and proved, for decades, oil- 
encased transformers should not be 
forgotten in a _ search for 
methods. 


new 


Everyone knows the advantages: 
effective convection of heat, excel- 
lent insulating properties, complete 
insurance against hidden leaks. Oil- 
sealed types (with a nitrogen bub- 
ble) are good, light, high-altitude 
transformers. Gas-free oil-filled 
types (with a bellows to allow for 
heat expansion) withstand very high 
voltage stresses. Except in the small- 
est sizes, they save space, too. 


You can place several high voltage 
units close together in a single oil- 
filled case, and save case weight. 
Those connections moved inside the 
case no longer need large insulators. 
Even the units themselves can be 
smaller. This all adds up—particu- 
larly in high altitude service—to 
interesting savings in space and 
weight. 


We make all sorts of transformers 
and special assemblies for the com- 
munication industry: encapsulated, 
cast in epoxy or foam, and just potted 
in pitch. But oil transformers still 
have an important place. 


Whatever type you need, we'll be 
glad to hear from you. Our facilities 
in design, production, and quality 
control are at your service. Our 
experience, too. 


CALEDONIA 


Dept. EM-3, Caledonia, N. Y. 
In Canada: Hackbusch Electronics, Ltd. 
23 Primrose Ave., Toronto 4, Ontario 
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METALLIC 
TAPES 


for 
INDUSTRY 


For recording, electronic com- 
puting and other applications 
where close tolerance, controlled 
surface (less than “10 micro- 
inches), burr-free slit edge and 
maximum continuous length are 
essential, SOMERS quality metal- 


lic tapes are a must. 


Currently being produced are 
Nickel, Copper and alloys in- 
cluding Monel, Inconel, Brass, 
and Nickel 
Steel. 
Gauges range from .000175” to 
.010" and widths from Ye” to 


25” depending on thickness. 


Phosphor Bronze 


Silver and Stainless 


Whatever your strip problem 
may be, you'll find satisfaction 
with SOMERS THIN STRIP. Write 
for confidential data blank or 


“field engineer. 


Somers Brass Company, Inc. 


BALDWIN AVE. WATERBURY ONN 
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Features ... 
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